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(57) An object of the present invention is to provide
a method for efficiently separating a nucleic acid from a
specimen containing a nucleic acid without the use of
specific equipment, and a device therefor. The method
of the present invention uses a device comprising a treat-
ment reagent-accommodating container 100 accommo-
dating a treatment reagent for causing a nucleic acid to
be released 101 and a nucleic acid-collecting member
200 comprising a nucleic acid adsorptive carrier 205,
which is configured such that a cover 104 is attached to
the treatment reagent-accommodating container 100,
and when the treatment reagent-accommodating con-
tainer 100 is connected to the nucleic acid-collecting
member 200, a seal with the cover 104 is opened, thereby
allowing a discharge opening 102 and a treatment rea-
gent-supplying opening 204 to be communicated with
each other, the method comprising: step 1 of accommo-
dating a specimen in the nucleic acid-collecting member
200; step 2 of connecting the treatment reagent-accom-
modating container 100 to the nucleic acid-collecting
member 200, thereby causing the treatment reagent-ac-

commodating container 100 to be communicated with
the nucleic acid-collecting member 200; step 3 of mixing
the specimen and the treatment reagent to obtain a mix-
ture 421, thereby causing a nucleic acid to be released;
and step 4 of allowing the mixture 421 to pass through
the carrier 205 so as to be discharged, thereby allowing
the carrier 205 to adsorb the nucleic acid.
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Description

Technical Field

[0001] The present invention relates to a method for separating a nucleic acid from a specimen containing a nucleic
acid such as a biological sample. The present invention further relates to a device for separating a nucleic acid from a
specimen containing a nucleic acid.

Background Art

[0002] Genetic tests, by which it is possible to determine results by nucleic acid analysis with high sensitivity within a
short period of time, are industrially important tests that can be applied to various fields of medicine, agriculture, livestock
raising, fishery, quality inspection, and the like. For genetic tests, it is necessary to elute and purify nucleic acids from
specimens. The most widely used nucleic acid purification method is the bind-elute method, to which a characteristic
that a nucleic acid binds to a nucleic acid adsorptive carrier in the presence of a chaotropic agent is applied (Patent
Literature 1 and 2). The above purification method comprises: (a) dissolution step: dissolution of a specimen and elution
of a nucleic acid; (b) adsorption step: binding of a nucleic acid adsorptive carrier and the nucleic acid; (c) washing step:
washing of the nucleic acid bound to the nucleic acid adsorptive carrier; and (d) elution step: elution of the nucleic acid.
In particular, a combination of the method and a spin column is an excellent method, by which high-purity nucleic acids
can be purified.
[0003] However, the above method requires skilled researchers to work in a fully equipped laboratory or the like using
laboratory equipment including a centrifuge, a micropipette, a vortex mixer, and an incubator with highly advanced
techniques. In the fields of medicine, agriculture, livestock raising, fishery, food, and the like where there is a demand
for genetic tests, some facilities lack skilled human resources and equipment, which are necessary. In fact, such facilities
have to outsource genetic tests, which basically enables determination of results in a short period of time, to external
institutions, although outsourcing is time- and cost-consuming. Rapid determination of results, which is a feature of
genetic tests, has not been fully utilized in practice.
[0004] In addition, specimens to be examined by genetic tests are often pathogenic organisms such as viruses and
bacteria. The risk of infection in those conducting the tests is always a problematic issue. Most of genetic tests require
the use of equipment and facility corresponding to the bio safety level. The use of such equipment and facility is a very
complicated procedure, compared with the case in which the use thereof is not required. In fact, the procedure places
a huge burden on those who conduct the tests.
[0005] Patent Literature 3 discloses a method in which a nucleic acid extraction liquid containing a nucleic acid eluted
from a specimen is brought into contact with zeolite such that zeolite adsorbs unnecessary components, thereby purifying
the nucleic acid. However, this method fails to concentrate and purify a nucleic acid as in the case of the bind-elute
method. The method depends on the nucleic acid concentration in a specimen, which is problematic. In addition, impurities
that can be removed by adsorption are limited. The degree of purification is inferior to that of the bind-elute method.
Therefore, the technology level of the method is insufficient to replace the bind-elute method.
[0006] Patent Literature 4 discloses a pretreatment method for detecting the gene of an acid-fast bacterium contained
in sputum. This method is intended to separate cells of an acid-fast bacterium from a sputum but not to extract the gene
(nucleic acid) from sputum.
[0007] Patent Literature 5 discloses a method for separating and purifying a nucleic acid using a nucleic acid-adsorptive
porous membrane, which is appropriate for automation and downsizing. The method of Patent Literature 5 is characterized
in that a porous membrane which adsorbs a nucleic acid via interaction that does not substantially involve ion binding
is used as a nucleic acid-adsorptive porous membrane. The method of Patent Literature 5 also fails to solve the problem
of the conventional bind-elute method.
[0008] Patent Literature 6 discloses a composition of a chaotropic agent that allows a nucleic acid in liquid to be
adsorbed by a solid-phase carrier.
However, Patent Literature 6 also fails to disclose means for solving the problem of the conventional bind-elute method.

Citation List

Patent Literature

[0009]

Patent Literature 1: JP Patent Publication (Kokai) No. 2001-78790 A
Patent Literature 2: JP Patent Publication (Kohyo) No. 2014-526255 A
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Patent Literature 3: International Publication WO2009/060847
Patent Literature 4: JP Patent Publication (Kokai) No. 2009-100688 A
Patent Literature 5: JP Patent Publication (Kokai) No. 2005-168449 A
Patent Literature 6: U.S. Patent Publication No. 2009/0306359

Summary of Invention

Technical Problem

[0010] An object of the present invention is to provide a method for efficiently separating a nucleic acid from a specimen
containing a nucleic acid, a device therefor, and a reagent therefor.

Solution to Problem

[0011] According to the present invention, the following inventions are provided as means for achieving the above
object.
[0012] The following is provided according to the present invention: a method for separating a nucleic acid from a
specimen containing a nucleic acid by bringing a mixture of a specimen containing a nucleic acid and a treatment reagent
for causing a nucleic acid in a specimen to be released into contact with a carrier that adsorbs a nucleic acid, wherein
a device is used, the device comprising:

a treatment reagent-accommodating container configured to have an inner container space, the volume of which
can be reduced, the container accommodating a treatment reagent for causing a nucleic acid in a specimen to be
released in the inner container space and having a discharging opening for releasing the treatment reagent;
a nucleic acid-collecting member configured to have an accommodation space for accommodating a specimen, in
which a treatment reagent-supplying opening is formed on one side of the accommodation space so as to be
connected to the treatment reagent-accommodating container, thereby allowing the treatment reagent to be supplied,
and a mixture-discharging opening is formed on the other side of the accommodation space so as to discharge the
mixture via a carrier that adsorbs a nucleic acid released in the mixture while allowing the mixture to permeate
therethrough, and
the treatment reagent-accommodating container further comprising a cover for sealing the discharging opening
attached to the discharging opening; and
the device is configured such that the nucleic acid-collecting member allows the discharging opening sealed with
the cover to be opened, thereby causing the discharging opening to be communicated with the treatment reagent-
supplying opening, when the treatment reagent-accommodating container is connected to the treatment reagent-
supplying opening of the nucleic acid-collecting member, and wherein the method comprises:

step 1 of accommodating a specimen in the accommodation space of the nucleic acid-collecting member;
step 2 of connecting the treatment reagent-accommodating container to the treatment reagent-supplying opening
of the nucleic acid-collecting member, thereby causing the discharging opening to be communicated with the
treatment reagent-supplying opening, following step 1;
step 3 of mixing the specimen and the treatment reagent to obtain the mixture in a mixing space formed by
combining the inner container space of the treatment reagent-accommodating container and the accommodation
space of the nucleic acid-collecting member in step 2 and allowing a nucleic acid contained in the specimen to
be released in the mixture; and
step 4 of pressure-feeding the mixture containing the nucleic acid released in step 3 by reducing a volume of
the inner container space of the treatment reagent-accommodating container and discharging the mixture from
the mixture-discharging opening of the nucleic acid-collecting member via the carrier.

[0013] A device used for the method of the present invention has features of the device described below.
[0014] The method of the present invention preferably further comprises step 5 of washing the carrier using a washing
liquid, thereby removing unnecessary components other than a nucleic acid from the carrier, following step 4.
[0015] The method of the present invention preferably further comprises step 6 of bringing an eluent for eluting a
nucleic acid into contact with the carrier, thereby eluting the nucleic acid from the carrier, following step 5.
[0016] In the method of the present invention, the treatment reagent preferably contains a component for reducing
infectivity of a microorganism and a component for causing a nucleic acid to be released.
[0017] The following is also provided according to the present invention: a device for separating a nucleic acid from
a specimen containing a nucleic acid by bringing a mixture of a specimen containing a nucleic acid and a treatment
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reagent for causing a nucleic acid in a specimen to be released into contact with a carrier that adsorbs a nucleic acid,
which comprises: a treatment reagent-accommodating container configured to have an inner container space, the volume
of which can be reduced, the container accommodating a treatment reagent for causing a nucleic acid in a specimen to
be released in the inner container space and having a discharging opening for releasing the treatment reagent; and a
nucleic acid-collecting member configured to have an accommodation space for accommodating a specimen, in which
a treatment reagent-supplying opening is formed on one side of the accommodation space so as to be connected to the
treatment reagent-accommodating container, thereby allowing the treatment reagent to be supplied, and a mixture-
discharging opening is formed on the other side of the accommodation space so as to discharge the mixture via a carrier
that adsorbs a nucleic acid released in the mixture while allowing the mixture to permeate therethrough, wherein the
device is configured such that a cover for sealing the discharging opening is attached to the discharging opening of the
treatment reagent-accommodating container, and wherein the nucleic acid-collecting member allows the discharging
opening sealed with the cover to be opened, thereby causing the discharging opening to be communicated with the
treatment reagent-supplying opening, when the treatment reagent-accommodating container is connected to the treat-
ment reagent-supplying opening of the nucleic acid-collecting member.
[0018] Herein, in a specific embodiment of the feature "the nucleic acid-collecting member allows the discharging
opening sealed with the cover to be opened, thereby causing the discharging opening to be communicated with the
treatment reagent-supplying opening, when the treatment reagent-accommodating container is connected to the treat-
ment reagent-supplying opening of the nucleic acid-collecting member," the nucleic acid-collecting member comprises
a portion that is pressed against the cover so as to break the cover when the treatment reagent-accommodating container
is connected to the treatment reagent-supplying opening of the nucleic acid-collecting member. In this embodiment, as
the cover is broken when the portion is pressed, a seal of the discharging opening with the cover is opened, and the
discharging opening and the treatment reagent-supplying opening are communicated with each other. In one embodiment
in which the nucleic acid-collecting member has a circumference wall portion surrounding the accommodation space,
and a part of the circumference wall portion, which surrounds the circumference border of the treatment reagent-supplying
opening, is a treatment reagent-supplying opening periphery portion, the end portion of the treatment reagent-supplying
opening periphery portion is exemplified as the above-described portion. In this specific embodiment, the cover can be
broken when the above portion of the nucleic acid-collecting member is pressed. Specifically, the cover is formed with
a film.
[0019] Preferably, the device of the present invention is described as follows: the treatment reagent-accommodating
container comprises a discharge opening periphery portion surrounding a circumference border of the discharging
opening; the nucleic acid-collecting member comprises a peripheral wall portion surrounding the accommodation space,
a part of the peripheral wall portion is a treatment reagent-supplying opening periphery portion surrounding a peripheral
border of the treatment reagent-supplying opening; the treatment reagent-accommodating container and the nucleic
acid-collecting member are configured to be connected to each other in a state in which an inner peripheral surface of
the discharging opening periphery portion and an external peripheral surface of the treatment reagent-supplying opening
periphery portion are in contact with each other; one end portion of the treatment reagent-supplying opening periphery
portion of the nucleic acid-collecting member, which is positioned on the side of the treatment reagent-supplying opening,
is configured such that when the treatment reagent-accommodating container and the nucleic acid-collecting member
are connected to each other, the end portion breaks the cover of the treatment reagent-accommodating container.
[0020] Herein, in a specific embodiment of the feature "one end portion of the treatment reagent-supplying opening
periphery portion of the nucleic acid-collecting member, which is positioned on the side of the treatment reagent-supplying
opening, is configured such that when the treatment reagent-accommodating container and the nucleic acid-collecting
member are connected to each other, the end portion breaks the cover of the treatment reagent-accommodating con-
tainer," when the treatment reagent-supplying opening periphery portion of the nucleic acid-collecting member allows
the treatment reagent-accommodating container and the nucleic acid-collecting member to be connected to each other
on the side of the treatment reagent-supplying opening while the internal circumference surface of the discharging
opening periphery portion and the external circumference surface of the treatment reagent-supplying opening periphery
portion are brought into contact with each other, the end portion is pressed against the cover so as to break the cover.
The cover can be broken when the end portion of the treatment reagent-supplying opening periphery portion is pressed.
Specifically, the cover is formed with a film. In this specific embodiment, the end portion is preferably a sharp end portion.
[0021] In the device of the present invention, it is further preferable that the nucleic acid-collecting member further
comprises a flange portion that extends outwardly from the external circumference surface of the circumference wall
portion and a mixture leakage-preventing wall portion that stands on the circumference border of the flange portion
toward a side of the circumference wall portion where the treatment reagent-supplying opening is formed, that at least
one compressible and deformable ring-shaped protrusion that extends in a circumferential direction so as to surround
the whole circumference and protrudes in a radial direction is formed on either one or both of the external circumference
surface of the discharging opening periphery portion and the internal circumference surface of the mixture leakage-
preventing wall portion, and that the treatment reagent-accommodating container and the nucleic acid-collecting member
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are formed such that when the treatment reagent-accommodating container and the nucleic acid-collecting member are
connected to each other, the external circumference surface of the discharging opening periphery portion and the internal
circumference surface of the mixture leakage-preventing wall portion face each other, thereby causing the ring-shaped
protrusion flanked between the external circumference surface of the discharging opening periphery portion and the
internal circumference surface of the mixture leakage-preventing wall portion to be compressed and deformed, which
prevents the passage of the mixture present between the external circumference surface of the discharging opening
periphery portion and the internal circumference surface of the mixture leakage-preventing wall portion and/or the passage
of the mixture present between the external circumference surface of the treatment reagent-supplying opening periphery
portion and the internal circumference surface of the discharging opening periphery portion.
[0022] The device of the present invention preferably further comprises a washing liquid-accommodating container
accommodating a washing liquid for removing unnecessary components other than a nucleic acid from the carrier.
[0023] The device of the present invention preferably further comprises an eluent-accommodating container accom-
modating an eluent for eluting a nucleic acid from the carrier.
[0024] In the device of the present invention, the treatment reagent preferably contains a component for reducing
infectivity of a microorganism and a component for causing a nucleic acid to be released.
[0025] According to the present invention, the following is further provided: a specimen treatment reagent for causing
a nucleic acid in a specimen to be released, which comprises: a component for reducing infectivity of a microorganism
that is at least one selected from the group consisting of an organic solvent, an aldehyde disinfectant, an iodine agent,
a chlorine agent, peracetic acid, ozone, hydrogen peroxide, merbromin, 6,9-diamino-2-ethoxyacridine lactate, a sur-
factant, and an alkaline substance; and a component for causing a nucleic acid to be released that is at least one selected
from the group consisting of an alkaline substance and a surfactant.
[0026] The specimen treatment reagent of the present invention further comprises a component for facilitating a carrier
to adsorb a nucleic acid that is at least one selected from the group consisting of a chaotropic agent and an organic solvent.
[0027] The specimen treatment reagent of the present invention preferably further comprises a thiol reductant and
more preferably comprises alcohol as the component for reducing infectivity of a microorganism and an alkaline substance
as the component for causing a nucleic acid to be released.
[0028] The specimen treatment reagent of the present invention preferably further comprises a thiol reductant, the
component for reducing infectivity of a microorganism, and the component for causing a nucleic acid to be released,
and more preferably comprises alcohol as the component for reducing infectivity of a microorganism.
[0029] The specimen treatment reagent of the present invention is preferably a specimen treatment reagent for causing
a nucleic acid in a specimen to be released and allowing the released nucleic acid to be adsorbed by a carrier containing
silica.
[0030] According to the present invention, use of the specimen treatment reagent for causing a nucleic acid in a
specimen to be released is also provided.
[0031] The use of the present invention is preferably the use of the specimen treatment reagent, for causing a nucleic
acid in a specimen to be released and allowing the released nucleic acid to be adsorbed by a carrier containing silica.
[0032] According to the present invention, as another method of the present invention, a method for causing a nucleic
acid in a specimen to be released, which comprises step 1 of mixing a specimen and the specimen treatment reagent
to obtain a mixture, thereby reducing infectivity of a microorganism that is possibly contained the specimen in the mixture
and causing a nucleic acid in the specimen to be released.
[0033] According to the present invention, as another method of the present invention, a method for separating a
nucleic acid from a specimen, which comprises the above-described step 1; and step 2 of allowing a nucleic acid
separated from the specimen to be adsorbed by a carrier in the presence of a mixture formed in the step 1, is provided.
[0034] According to the present invention, as another method of the present invention, a method for separating a
nucleic acid from a specimen containing a nucleic acid and a component crosslinked by an S-S bond, which comprises
allowing a nucleic acid separated from the specimen to be adsorbed by a carrier in the presence of a mixture of the
specimen treatment reagent containing a thiol reductant and the specimen, is provided.
[0035] In another method of the present invention, the carrier is preferably a carrier containing silica.
[0036] In one embodiment of the method, device, reagent, or use of or another method of the present invention, a
specimen containing a nucleic acid is sputum, preferably sputum containing an infectious microorganism or a nucleic
acid from an infectious microorganism, and particularly preferably sputum containing an acid-fast bacterium (which is
hereinafter preferably tuberculosis bacterium) or a nucleic acid from an acid-fast bacterium. In this embodiment, a nucleic
acid to be separated is a nucleic acid contained in sputum, preferably a nucleic acid from an infectious microorganism
or different cells (e.g., human cells or other animal cells in sputum), and particularly preferably a nucleic acid from an
acid-fast bacterium. In the method, device, reagent, or use of or another method in the above embodiment, a treatment
reagent to be used preferably contains a reductant for improving fluidity of sputum. Such reductant is preferably a thiol
reductant and more preferably a cysteine reductant. A preferable cysteine reductant is at least one selected from among
N-acetyl-L-cysteine, L-cysteine ethyl ester, L-cysteine methyl ester, N-ethyl-L-cysteine, N-methyl-L-cysteine, and salts
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of these compounds. The salts are not particularly limited as long as they can function as a reductant, which may be in
the form of a hydrogen halide salt (e.g., hydrochloride), an alkali metal salt (e.g., sodium salt), or the like. Examples
thereof include a hydrochloride of L-cysteine ethyl ester and a hydrochloride of L-cysteine methyl ester. In addition, a
treatment reagent to be used is preferably in the liquid form.
[0037] In one embodiment of the method, device, reagent, or use of or another method of the present invention, a
specimen containing a nucleic acid is a specimen containing a nucleic acid from an acid-fast bacterium. In this embod-
iment, a nucleic acid to be separated is a nucleic acid from an acid-fast bacterium.
[0038] In another embodiment of the method, device, reagent, or use of or another method of the present invention,
a specimen containing a nucleic acid is a specimen excluding sputum. Sputum to be excluded herein is sputum containing
an infectious microorganism or a nucleic acid from an infectious microorganism and particularly preferably sputum
containing an acid-fast bacterium or a nucleic acid from an acid-fast bacterium. In the method, device, reagent, or use
of or another method of the present invention in the above embodiment, a treatment reagent to be used may not contain
the reductant.
[0039] In another embodiment of the method, device, reagent, or use of or another method of the present invention,
a specimen containing a nucleic acid is a specimen containing a nucleic acid other than a nucleic acid from an acid-fast
bacterium.
In this embodiment, a nucleic acid to be separated is a nucleic acid other than a nucleic acid from an acid-fast bacterium.
[0040] This description includes part or all of the content as disclosed in the description and/or drawings of Japanese
Patent Application No. 2015-178442, which is a priority document of the present application.

Advantageous Effects of Invention

[0041] According to the present invention, a method for efficiently separating a nucleic acid from a specimen containing
a nucleic acid, a device therefor, and a reagent therefor are provided.

Brief Description of Drawings

[0042]

Fig. 1 schematically illustrates a cross-sectional view of a treatment reagent-accommodating container in one em-
bodiment.
Fig. 2 schematically illustrates a cross-sectional view of a nucleic acid-collecting member in one embodiment.
Fig. 3 schematically illustrates a cross-sectional view of a specimen-receiving member in one embodiment.
Fig. 4-1 is a schematic diagram explaining step 1 of the method for separating a nucleic acid of the present invention.
Fig. 4-2 is a schematic diagram explaining steps 2 and 3 of the method for separating a nucleic acid of the present
invention.
Fig. 4-3 is a schematic diagram explaining step 4 of the method for separating a nucleic acid of the present invention.
Fig. 4-4 is a schematic diagram explaining step 5 of the method for separating a nucleic acid of the present invention.
Fig. 4-5 is a schematic diagram explaining step 6 of the method for separating a nucleic acid of the present invention.
Fig. 5 schematically illustrates a cross-sectional view of the treatment reagent-accommodating container of the
present invention in another embodiment.
Fig. 6 schematically illustrates a cross-sectional view of the treatment reagent-accommodating container of the
present invention in yet another embodiment.

Description of Embodiments

<Method for separating nucleic acid>

[0043] The present invention relates to a method for separating a nucleic acid from a specimen containing a nucleic
acid using a treatment reagent-accommodating container and a nucleic acid-collecting member. One specific example
of the treatment reagent-accommodating container is a treatment reagent-accommodating container 100 illustrated in
Fig. 1. One specific example of the nucleic acid-collecting member is a nucleic acid-collecting member 200 illustrated
in Fig. 2. The instruments used in the present invention and methods using the same are described below with reference
to the embodiments illustrated in the drawings. However, the present invention is not limited to such embodiments.
[0044] A treatment reagent-accommodating container 100 accommodates a treatment reagent for causing a nucleic
acid in a specimen to be released 101 in its inner container space 110 and has a discharge opening 102 for discharging
the treatment reagent 101. Further, the treatment reagent-accommodating container 100 is configured such that the
volume of the inner container space 110 can be reduced. One example of specific means for achieving such configuration
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is a pressure-feeding unit 103 described below. A cover 104 that seals the discharging opening 102 is attached to the
discharge opening 102 such that the treatment reagent 101 is retained in the inner container space 110.
[0045] The discharging opening 102 of the treatment reagent-accommodating container 100 illustrated in Fig. 1 is
formed as the circumference border thereof is surrounded by a discharging opening periphery portion 105. One end of
the discharge opening periphery portion 105 is opened so as to surround the discharge opening 102, and the other end
thereof is connected to the pressure-feeding unit 103. The discharge opening periphery portion 105 preferably has, but
is not limited to, a tubular shape as illustrated in the figure. The inner container space 110 is a space formed by combining
a pressure-feeding unit inner space 111 that is the inner space of the pressure-feeding unit 103 and a discharge opening
adjacent space 112 that is the space surrounded by the discharging opening periphery portion 105. The pressure-feeding
unit 103 is configured such that the volume of the pressure-feeding unit inner space 111 can be reduced. As the volume
of the pressure-feeding unit inner space 111 decreases, the volume of the inner container space 110 also decreases
accordingly.
By activating the pressure-feeding unit 103 to reduce the volume of the inner container space 110, it is possible to
pressure-feed a mixture 421 described below out of the discharge opening 102. Note that "activating" the pressure-
feeding unit 103 means operating the pressure-feeding unit 103 so as to reduce the volume of the inner container space
110, which means deforming the pressure-feeding unit 103 in the embodiment illustrated in figures.
[0046] The pressure-feeding unit 103 preferably has, but is not limited to, a tubular body having walls forming an
accordion structure, which is extendable and contractible in its axial direction and has an end portion that is not connected
to the discharging opening periphery portion 105 is closed or closable, as illustrated in Fig. 1. The illustrated pressure-
feeding unit 103 having an accordion structure is an example of a partial structure of the treatment reagent-accommo-
dating container 100 that is deformable such that the volume of the inner container space 110 can be reduced. However,
the form of the pressure-feeding unit 103 is not limited to such tubular body having an accordion structure. The pressure-
feeding unit 103 in any form can be used as long as it has an opening that is connected to the discharge opening
periphery portion 105 and comprises the other portion that is a closed or closable bag which is deformable such that
the volume of the inner container space 110 can be reduced. The pressure-feeding unit 103, which is deformable as
described above, is configured such that it can preferably be elastically deformed, and it can more preferably make the
inner container space 110 deformed to reduce the volume thereof and then restore the volume and shape of the inner
container space 110 under conditions that cause no pressure difference inside and outside of the inner container space
110. Another example of the pressure-feeding unit 103 is a combination of a tubular body having one end that is connected
to the discharge opening periphery portion 105 and a piston that is accommodated in the tubular body, the piston having
a side wall that is in contact with the interior wall of the tubular body and is slidable along the axial direction of the tubular
body while the inner wall of the tubular body and the side wall do not cause air leakage, which can reduce the volume
of each of the pressure-feeding unit inner space 111 and the inner container space 110 formed inside the tubular body
through movement of the piston.
[0047] Each of the illustrated discharge opening periphery portion 105 and the pressure-feeding unit 103 has a circular
cross-section that is on a plane perpendicular to the direction in which the treatment reagent 101 is released. However,
the shape of the cross-section is not limited and it may be a polygonal shape such as a quadrangle (square or rectangle),
a triangle, or a pentagon. The circular shape includes an exact circle, an ellipse, a flattened shape of an exact circle, a
deformed ellipse. The polygonal shape includes a shape having round corners.
[0048] The cover 104 that seals the discharge opening 102 of the treatment reagent-accommodating container 100
is configured to be broken when the treatment reagent-accommodating container 100 is connected to the treatment
reagent-supplying opening of the nucleic acid-collecting member 200 as described in detail separately. The cover 104
may be formed with a film comprising a synthetic resin, a metal film such as an aluminum film, or a laminated body of
different kinds of films. The cover 104 can be fixed to the end portion surrounding the discharge opening 102 of the
discharging opening periphery portion 105 by means of adhesion with an adhesive, thermal or ultrasonic welding, or the
like.
[0049] It is preferable to form one or more ring-shaped protrusions 1053-1, 1053-2, which extends in a circumferential
direction so as to surround the whole circumference of the discharging opening periphery portion 105 and protrudes
outwardly in a radial direction, on the external circumference surface 1051 of the discharge opening periphery portion
105 of the treatment reagent-accommodating container 100. The functions of the ring-shaped protrusions 1053-1, 1053-2
are described below. Preferably, at least the ring-shaped protrusions 1053-1, 1053-2 are formed with a compressible
and deformable material in the treatment reagent-accommodating container 100.
[0050] The composition of the treatment reagent for causing a nucleic acid in a specimen to be released 101 is
separately described in detail.
[0051] The nucleic acid-collecting member 200 illustrated in Fig. 2 is configured to have an accommodation space
203 for accommodating a specimen, in which a treatment reagent-supplying opening 204 is formed on one side of the
accommodation space 203 so as to be connected to the treatment reagent-accommodating container 100, thereby
allowing the treatment reagent 101 to be supplied, and a mixture-discharging opening 206 is formed on the other side
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of thereof so as to discharge a mixture 421 described below via a carrier 205 that adsorbs a nucleic acid released in the
mixture 421 while allowing the mixture 421 to permeate therethrough,
[0052] The nucleic acid-collecting member 200 comprises a circumference wall portion 210 that surrounds the cir-
cumference of an accommodation space 203. A part of the circumference wall portion 210 defining the circumference
border of the treatment reagent-supplying opening 204 is designated as a treatment reagent-supplying opening periphery
portion 211, and a part thereof defining the circumference of the mixture-discharging opening 206 is designated as a
mixture-discharging opening periphery portion 213. In the illustrated embodiment, the portion connecting the treatment
reagent-supplying opening periphery portion 211 and the mixture-discharging opening periphery portion 213 is desig-
nated as circumference wall-connecting portion 212. However, the circumference wall portion 210 is not limited to this
embodiment and may be shaped into a tubular body in which the treatment reagent-supplying opening periphery portion
211 and the mixture-discharging opening periphery portion 213 have the same diameter in a continuous manner. The
carrier 205 is disposed at the mixture-discharging opening 206 and configured such that when the mixture 421 formed
in the accommodation space 203 is discharged from the mixture-discharging opening 206, the mixture permeates through
the carrier 205. The carrier 205 is configured such that when the treatment reagent 101, the mixture 421, or a specimen
S described below is accommodated in the accommodation space 203 in gravity under conditions that cause substantially
no air pressure difference inside and outside the accommodation space 203 across the carrier 205, the treatment reagent
101, the mixture 421, or the specimen S is substantially unable to permeate through the carrier 205. Note that a state
in which the treatment reagent 101, the mixture 421, or the specimen S is "substantially unable to permeate" through
the carrier 205 refers to a state in which a minute amount of the treatment reagent 101, the mixture 421, or the specimen
S is allowed to permeate therethrough unless it impairs the intended use of the present invention as well as a state in
which no permeation is achieved. For example, the rate of permeation of the treatment reagent 101, the mixture 421,
or the specimen S in gravity is less than 10 mL/second under the above conditions.
[0053] The circumference wall portion 210 and the carrier 205 may be connected to each other in an arbitrary manner.
Preferably, the circumference wall portion 210 and the carrier 205 are connected in a separable manner. More preferably,
as illustrated in Fig. 2, the nucleic acid-collecting member 200 comprises the specimen-receiving member 240 comprising
the circumference wall portion 210 and a carrier-holding member 250 comprising the carrier 205 and a holding portion
230 holding the carrier 205, and the specimen-receiving member 240 and the carrier-holding member 250 are connected
to each other in a separable manner.
[0054] Note that the holding portion 230 for holding the carrier 205 comprises: a main holding portion 231, which holds
the carrier 205, and on which an opening is formed, the opening being the starting point of a discharge flow channel
251 which allows the mixture 421 that has permeated through the carrier 205 to pass therethrough; a flow channel
periphery portion 232 which stands on the main holding portion 231 and defines the circumference of the discharge flow
channel 251; a specimen-receiving member connecting portion 233 which stands on the circumference border of the
main holding portion 231 on the side opposite to the side where there exists the flow channel periphery portion 232; and
a discharged matter-accommodating container connecting portion 234 which stands on the circumference border of the
main holding portion 231 on the side where there exists the flow channel periphery portion 232. The carrier 205 may be
fixed to the holding portion 230. In the illustrated example, the carrier 205 is disposed on one face of the main holding
portion 231 such that a part of the specimen-receiving member connecting portion 233 in the vicinity the holding portion
231 is positioned over the circumference border of the carrier 205, thereby holding and fixing the carrier 205. However,
the holding portion 230 is not limited to this embodiment. In addition, the carrier 205 may be configured to be separable
from the holding portion 230.
[0055] The specimen-receiving member connecting portion 233 of the carrier-holding member 250 and the mixture-
discharging opening periphery portion 213 of the specimen-receiving member 240 may be configured such that one of
them is fitted into (as illustrated) or screwed to (not illustrated) the other for the establishment of connection.
[0056] Fig. 3 illustrates a perspective view of a state in which the specimen-receiving member 240 comprising the
circumference wall portion 210 illustrated in the cross-sectional view of Fig. 2 is separated from the carrier-holding
member 250. The specimen-receiving member 240 in the illustrated embodiment further comprises: a flange portion
241 that protrudes outwardly from the external circumference surface of the circumference wall portion 210; and a mixture
leakage-preventing wall portion 242 that stands from the circumference border of the flange portion 241 toward the side
where there exists the treatment reagent-supplying opening 204 of the circumference wall portion 210, in addition to the
circumference wall portion 210. An end portion 2422 of the mixture leakage-preventing wall portion 242 is formed such
that it is disposed with a distance from the mixture-discharging opening 206, which is greater than a distance between
the mixture-discharging opening 206 and an end portion 2112 on the side of the treatment reagent-supplying opening
204 of the treatment reagent-supplying opening periphery portion 211. This is preferable because the leakage preventing
effect described below is further improved. Preferably, at least one ring-shaped wall surface protrusion 2423, which
extends in a circumferential direction and protrudes inwardly in a radial direction, is formed on the internal circumference
surface 2421 of the mixture leakage-preventing wall portion 242. The ring-shaped wall surface protrusion 2423 is pref-
erably formed in the vicinity of the open-side end portion 2422 of the mixture leakage-preventing wall portion 242.
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[0057] The nucleic acid-collecting member 200 consists of one member comprising a circumference wall portion 210
and a carrier 205 in another embodiment (not illustrated). For the nucleic acid-collecting member 200 in this embodiment,
the circumference wall portion 210 may also have the structure illustrated in Figs. 2 and 3. It is more preferable that the
circumference wall portion 210 is combined with the flange portion 241 and the mixture leakage-preventing wall portion
242.
[0058] For the treatment reagent-supplying opening periphery portion 211 of the circumference wall portion 210 of the
specimen-receiving member 240, an end portion 2112 surrounding the treatment reagent-supplying opening 204 is
preferably a portion that is pressed against the cover 104 of the treatment reagent-accommodating container 100 so as
to break the cover 104, thereby making an opening, when the treatment reagent-accommodating container 100 and the
nucleic acid-collecting member 200 are connected to each other. Specifically, it is preferable for the end portion to have
at least one sharp portion to break to the cover 104. In the illustrate example, the portion of the treatment reagent-
supplying opening periphery portion 211, which surrounds the treatment reagent-supplying opening 204, is configured
such that the wall thickness decreases, that is to say, the portion is sharpened, toward the open end portion. Further, it
is preferable that the portion of the treatment reagent-supplying opening periphery portion 211, which surrounds the
treatment reagent-supplying opening 204, comprises at least one protrusion 2113 that protrudes toward the side where
the treatment reagent-accommodating container 100 is connected to the treatment reagent-supplying opening periphery
portion 211. It is preferable that the protrusion 2113 is formed such that a cross-section formed on a plane perpendicular
to the protruding direction is reduced, that is to say, the protrusion is sharpened, toward the end. In the illustrated example,
only one protrusion 2113 is formed. However, a plurality of protrusions 2113 may be formed.
[0059] The discharge opening periphery portion 105 of the treatment reagent-accommodating container 100 and the
treatment reagent-supplying opening periphery portion 211 of the circumference wall portion 210 of the nucleic acid-
collecting member 200 may be configured such that one of them is fitted into (as illustrated) or screwed to (not illustrated)
the other for the establishment of connection. The discharge opening periphery portion 105 and the treatment reagent-
supplying opening periphery portion 211 usually have a tubular body shape such that they can fitted into or screwed to
each other. More preferably, the treatment reagent-accommodating container 100 and the nucleic acid-collecting member
200 are configured to be connected to each other in a state in which an internal circumference surface 1052 of the
discharging opening periphery portion 105 and an external peripheral surface 2111 of the treatment reagent-supplying
opening periphery portion 211 are in contact with each other. Particularly, periphery portion 105 and the external cir-
cumference surface 2111 of the treatment reagent-supplying opening periphery portion 211 are configured such that
they are in contact with each other to prevent the passage of the treatment reagent 101, the mixture 421, or the specimen
S, and in particular, the passage of the mixture 421 therebetween, and the discharging opening periphery portion 105
and the treatment reagent-supplying opening periphery portion 211 can be fitted into or screwed to and preferably fitted
into each other. At such time, the discharging opening periphery portion 105 and the treatment reagent-supplying opening
periphery portion 211 may be fitted into or screwed to each other such that the internal circumference surface 1052 of
the discharging opening periphery portion 105 and the external circumference surface 2111 of the treatment reagent-
supplying opening periphery portion 211 are in contact with each other via a part of the broken cover 104.
[0060] In addition, the internal circumference surface 1052 of the discharging opening periphery portion 105 and the
external circumference surface 2111 of the treatment reagent-supplying opening periphery portion 211 may be in contact
with each other via a sealing material and are not necessarily in direct contact with each other as in the illustrated
embodiment. The sealing material can comprise a compressible and deformable material such as rubber. It can be fixed
to at least one of a portion of the internal circumference surface 1052 of the discharging opening periphery portion 105
and a portion of the external circumference surface 2111 of the treatment reagent-supplying opening periphery portion
211.
[0061] In an embodiment in which the nucleic acid-collecting member 200 has a mixture leakage-preventing wall
portion 242, it is preferable that the treatment reagent-supplying opening periphery portion 211 of the circumference
wall portion 210 and the mixture leakage-preventing wall portion 242 have respective tubular bodies which are disposed
coaxially. In this embodiment, it is preferable that a distance between the external circumference surface 2111 of the
treatment reagent-supplying opening periphery portion 211 and the internal circumference surface 2421 of the mixture
leakage-preventing wall portion 242 is set to be slightly shorter than a distance between the apexes of the ring-shaped
protrusions 1053-1, 1053-2 of the treatment reagent-accommodating container 100 and the internal circumference
surface 1052 of a wall portion of the discharging opening periphery portion 105, and the ring-shaped protrusions 1053-1,
1053-2 are formed with a material that can be compressively deformed. The material preferably has elasticity. In this
case, in step 2 described below, when the treatment reagent-accommodating container 100 and the nucleic acid-collecting
member 200 are connected to each other, the external circumference surface 1051 of the discharging opening periphery
portion 105 and the internal circumference surface 2421 of the mixture leakage-preventing wall portion 242 face each
other, which causes the ring-shaped protrusion 1053-1, 1053-2 flanked between the external circumference surface
1051 of the discharging opening periphery portion 105 and the internal circumference surface 2421 of the mixture
leakage-preventing wall portion 242 to be compressively deformed, thereby preventing the passage of the treatment
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reagent 101, the mixture 421, or the specimen S, and in particular, the passage of the mixture 421 between the external
circumference surface 1051 of the discharging opening periphery portion 105 and the internal circumference surface
2421 of the mixture leakage-preventing wall portion 242. Further, in more preferable embodiment, when the treatment
reagent-accommodating container 100 and the nucleic acid-collecting member 200 are connected to each other, the
discharge opening periphery portion 105 is biased toward the treatment reagent-supplying opening periphery portion
211 across the ring-shaped protrusions 1053-1, 1053-2 that have been compressively deformed between the external
circumference surface 1051 of the discharging opening periphery portion 105 and the internal circumference surface
2421 of the mixture leakage-preventing wall portion 242, thereby preventing the passage of the treatment reagent 101,
the mixture 421, or the specimen S, and in particular, the passage of the mixture 421 between the external circumference
surface 2111 of the treatment reagent-supplying opening periphery portion 211 and the internal circumference surface
1052 of the discharge opening periphery portion 105. In this embodiment, it is preferable that the discharging opening
periphery portion 105 is formed with an elastically deformable material such that when the discharging opening periphery
portion 105 is biased toward the treatment reagent-supplying opening periphery portion 211, the internal circumference
surface 1052 of the discharging opening periphery portion 105 is biased toward the external circumference surface 2111
of the treatment reagent-supplying opening periphery portion 211.
[0062] In another embodiment that is not illustrated, a ring-shaped wall surface protrusion 2423 formed on the internal
circumference surface 2421 of the mixture leakage-preventing wall portion 242 functions as with the ring-shaped pro-
trusions 1053-1, 1053-2. Specifically, in such embodiment, a distance between the external circumference surface 1051
of the discharging opening periphery portion 105 and the internal circumference surface 2421 of the mixture leakage-
preventing wall portion 242 is set to be slightly shorter than a distance between the apex of the ring-shaped wall surface
protrusion 2423 and the internal circumference surface 2421 of the mixture leakage-preventing wall portion 242 (i.e.,
the height of the protrusion), and the ring-shaped wall surface protrusion 2423 is formed with a material that can be
compressively deformed. The material preferably has elasticity. In this embodiment, unlike the illustrated embodiment,
it is preferable that at least one ring-shaped wall surface protrusion 2423 is formed at a site where the external circum-
ference surface 2111 of the treatment reagent-supplying opening periphery portion 211 and the internal circumference
surface 2421 of the mixture leakage-preventing wall portion 242 face each other. Also in this embodiment, in step 2
described below, when the treatment reagent-accommodating container 100 and the nucleic acid-collecting member
200 are connected to each other, the ring-shaped wall surface protrusion 2423 flanked between the external circumfer-
ence surface 1051 of the discharging opening periphery portion 105 and the internal circumference surface 2421 of the
mixture leakage-preventing wall portion 242 is compressively deformed, thereby preventing the passage of the treatment
reagent 101, the mixture 421, or the specimen S, and in particular, the passage of the mixture 421 between the external
circumference surface 1051 of the discharging opening periphery portion 105 and the internal circumference surface
2421 of the mixture leakage-preventing wall portion 242. Further, the discharge opening periphery portion 105 is biased
toward the treatment reagent-supplying opening periphery portion 211 across the ring-shaped wall surface protrusion
2423 that has been compressively deformed between the external circumference surface 1051 of the discharging opening
periphery portion 105 and the internal circumference surface 2421 of the mixture leakage-preventing wall portion 242,
thereby preventing the passage of the treatment reagent 101, the mixture 421, or the specimen S, and in particular, the
passage of the mixture 421 between the external circumference surface 2111 of the treatment reagent-supplying opening
periphery portion 211 and the internal circumference surface 1052 of the discharge opening periphery portion 105. Also
in this case, it is preferable that the discharging opening periphery portion 105 is formed with an elastically deformable
material.
[0063] The method for separating a nucleic acid of the present invention is described below with reference to Figs.
4-1 to 4-5.
[0064] A discharged matter-accommodating container 400 illustrated in the figures is prepared. A discharged matter-
supplying opening 401 is formed on the discharged matter-accommodating container 400. A portion that defines the
discharged matter-supplying opening 401 of the discharged matter-accommodating container 400 is designated as a
discharged matter-supplying opening periphery portion 402.
[0065] As illustrated in Fig. 4-1, at first, a nucleic acid-collecting member 200 is combined with a discharged matter-
accommodating container 400. In the illustrated embodiment, a discharged matter-accommodating container connecting
portion 234 of the nucleic acid-collecting member 200 and a discharged matter-supplying opening periphery portion 402
of the discharged matter-accommodating container 400 are fitted into each other for establishing the connection there-
between. The discharged matter-accommodating container connecting portion 234 and the discharged matter-supplying
opening periphery portion 402 may be configured such that they are fitted into each other for establishing the connection
therebetween, which is not illustrated.
[0066] Next, step 1 of accommodating a specimen S that probably contains a nucleic acid in an accommodation space
203 of the collecting member 200 is carried out.
[0067] As illustrated in Fig. 4-2, step 2 of connecting the treatment reagent-accommodating container 100 to the
treatment reagent-supplying opening 204 of the nucleic acid-collecting member 200, thereby causing the treatment
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reagent-supplying opening 204 to be communicated with the discharge opening 102 of the treatment reagent-accom-
modating container 100 is carried out following step 1. At such time, a cover 104 sealing the discharge opening 102 is
broken by an end portion 2112 surrounding the treatment reagent-supplying opening 204 of the treatment reagent-
supplying opening periphery portion 211, thereby making the discharging opening 102 opened. In the illustrate embod-
iment, both a discharge opening periphery portion 105 of the treatment reagent-accommodating container 100 and a
treatment reagent-supplying opening periphery portion 211 of the nucleic acid-collecting member 200 have tubular
bodies. They are configured such that the inner diameter of the discharging opening periphery portion 105 is approximately
the same as the external diameter of the treatment reagent-supplying opening periphery portion 211 or the internal
diameter of the discharging opening periphery portion 105 is slightly greater than the external diameter of the treatment
reagent-supplying opening periphery portion 211. The treatment reagent-supplying opening periphery portion 211 is
internally connected to the discharging opening periphery portion 105 so as to be fitted thereinto or screwed thereto.
[0068] In the illustrated embodiment, the nucleic acid-collecting member 200 further has a mixture leakage-preventing
wall portion 242, and the treatment reagent-supplying opening periphery portion 211 of the circumference wall portion
210 and the mixture leakage-preventing wall portion 242 have respective tubular bodies which are disposed coaxially.
In this embodiment, it is preferable that a distance between the external circumference surface 2111 of the treatment
reagent-supplying opening periphery portion 211 and the internal circumference surface 2421 of the mixture leakage-
preventing wall portion 242 is set to be shorter than a distance between the apexes of the ring-shaped protrusions
1053-1, 1053-2 of the treatment reagent-accommodating container 100 and the internal circumference surface 1052 of
a wall portion of the discharging opening periphery portion 105, and the ring-shaped protrusions 1053-1, 1053-2 are
formed with a material that can be compressively deformed. In such case, the discharge opening periphery portion 105
of the treatment reagent-accommodating container 100 is internally fitted into the mixture leakage-preventing wall portion
242 of the nucleic acid-collecting member 200, and the treatment reagent-supplying opening periphery portion 211 of
the circumference wall portion 210 of the nucleic acid-collecting member 200 is internally fitted into the discharge opening
periphery portion 105 of the treatment reagent-accommodating container 100. Then, an end portion 1054 of the discharge
opening periphery portion 105 of the treatment reagent-accommodating container 100 and a flange portion 241 of the
nucleic acid-collecting member 200 are brought into contact with each other by pressing. Accordingly, the cover 104 is
broken by the end portion 2112 of the treatment reagent-supplying opening periphery portion 211. In addition, the
surfaces of ring-shaped protrusions 1053-1, 1053-2 of the treatment reagent-accommodating container 100 and an
internal circumference surface 2421 of the mixture leakage-preventing wall portion 242 are brought into contact through-
out the whole circumference, thereby preventing leakage of a mixture 421. At the same time, the external circumference
surface 2111 of the treatment reagent-supplying opening periphery portion 211 and an internal circumference surface
1052 of a wall portion of the discharging opening periphery portion 105 can be brought into contact with each other,
thereby preventing the leakage of the mixture 421. With the above configuration, it is possible to reduce the risk that
causes an operator to be in contact with the specimen S and the mixture 421 containing the specimen S. In this embod-
iment, the external circumference surface 2111 of the treatment reagent-supplying opening periphery portion 211 and
the internal circumference surface 1052 of the wall portion of the discharging opening periphery portion 105 may be
brought into contact with each other via a part of the broken cover 104.
[0069] In the illustrated embodiment, at least one pair of ring-shaped protrusions 1053-1, 1053-2 is formed on the
external circumference surface 1051 of the discharge opening periphery portion 105 of the treatment reagent-accom-
modating container 100. In addition, at least one ring-shaped wall surface protrusion 2423 may be formed on the internal
circumference surface 2421 of the mixture leakage-preventing wall portion 242. One of the ring-shaped protrusions
1053-1, 1053-2 (1053-2 in the illustrated example) and one of ring-shaped wall surface protrusions 2423 are engaged
with each other such that the ring-shaped protrusion 1053-2 is positioned closer to the flange portion 241, compared to
the ring-shaped wall surface protrusion 2423, thereby making it possible to prevent the treatment reagent-accommodating
container 100 from being detached from the nucleic acid-collecting member 200. Specifically, the ring-shaped wall
surface protrusion 2423 is formed on the mixture leakage-preventing wall portion 242. When the treatment reagent-
accommodating container 100 and nucleic acid-collecting member 200 are connected to each other by pressing such
that the end portion 1054 of the discharge opening periphery portion 105 of the treatment reagent-accommodating
container 100 and the flange portion 241 of the nucleic acid-collecting member 200 are brought into contact with each
other as described above. Accordingly, among the ring-shaped protrusions, the ring-shaped protrusion 1053-2 and the
ring-shaped wall surface protrusion 2423 are engaged with each other such that the ring-shaped protrusion 1053-2 is
positioned closer to the flange portion 241, compared to the ring-shaped wall surface protrusion 2423, thereby making
it possible to prevent the treatment reagent-accommodating container 100 from being detached from the nucleic acid-
collecting member 200. With the above configuration, it is possible to further reduce the risk that causes an operator to
be in contact with the specimen S and the mixture 421 containing the specimen S.
[0070] In another embodiment that is not illustrated, the discharging opening periphery portion 105 is formed with an
elastic material such that the external circumference surface 2111 of the treatment reagent-supplying opening periphery
portion 211 and the internal circumference surface 1052 of the wall portion of the discharging opening periphery portion
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105 are brought into contact with each other throughout the whole circumference, thereby preventing the leakage of the
mixture 421. In this case, the external circumference surface 2111 of the treatment reagent-supplying opening periphery
portion 211 and the internal circumference surface 1052 of the wall portion of the discharging opening periphery portion
105 may be brought into contact with each other via a part of the broken cover 104. In the above embodiment, it is
possible to omit the ring-shaped protrusions 1053-1, 1053-2 of the treatment reagent-accommodating container 100.
[0071] In step 2, the mixing space 420 is formed by combining the inner container space 110 of the treatment reagent-
accommodating container 100 and the accommodation space 203 of the nucleic acid-collecting member 200.
[0072] Subsequently, in step 3, a mixture is formed by mixing the specimen S and the treatment reagent 101 in the
mixing space 420 formed in step 2 and a nucleic acid that may be contained in the specimen S is released in the mixture.
The mixture of the specimen S and the treatment reagent 101 is designated as a mixture 421. As a result of the connection
of the treatment reagent-accommodating container 100 and the nucleic acid-collecting member 200 in step 2, the air
pressure inside the mixing space 420 becomes slightly higher than the air pressure inside the discharged matter-
accommodating container 400 in some cases. However, a carrier 205 contained in the nucleic acid-collecting member
200 is configured such that the mixture 421 in the mixing space 420 is substantially unable to permeate in gravity through
the carrier 205 under conditions that do not allow a pressure-feeding unit 103 to be activated, that is to say, under
conditions that do not allow the volume of the inner container space 110 and the volume of the mixing space 420 to be
reduced. More preferably, even in a case described below in which the mixture 421 is mixed by shaking in the mixing
space 420 in step 3, the mixture 421 is substantially unable to permeate through the carrier 205. Note that a state in
which the mixture 421 is "substantially unable to permeate" through the carrier 205 refers to a state in which a minute
amount of the mixture 421 is allowed to permeate therethrough unless it impairs the intended use of the present invention
as well as a state in which no permeation is achieved. For example, the rate of permeation of the mixture 421 is less
than 10 mL/second. For sufficient elution of the nucleic acid, it is preferable to sufficiently mix the mixture 421 in the
mixing space 420 by manually sufficiently and entirely shaking the treatment reagent-accommodating container 100,
the nucleic acid-collecting member 200, and the discharged matter-accommodating container 400, which are connected
to one another in the manner illustrated in Fig. 4-2, thereby sufficiently stirring the mixture 421 in the mixing space 420.
Step 3 can be carried out at room temperature (around 20°C to 30°C). It is preferable to allow the mixture to stand still
for 3 to 7 minutes after mixing to facilitate the release of the nucleic acid.
[0073] Subsequently, step 4 is carried out. Step 4 is a step of pressure-feeding the mixture 421 containing the nucleic
acid released in step 3 by activating the pressure-feeding unit 103 of the treatment reagent-accommodating container
100, i.e., reducing the volume of the inner container space 100 and the volume of the mixing space 420, thereby
discharging the mixture from a mixture-discharging opening 206 of the nucleic acid-collecting member 200 via the carrier
205 as illustrated in Fig. 4-3. The discharged matter-accommodating container 400 and the nucleic acid-collecting
member 200 are not connected in a complete air tight manner, and thus, the space inside the discharged matter-
accommodating container 400 is in contact with the ambient air. When the air pressure inside the mixing space 420 is
increased by activating the pressure-feeding unit 103 (compressing and deforming the pressure-feeding unit 103 having
an accordion structure so as to reduce the volume of the inner container space 110 and the volume of the mixing space
420 in the illustrated example), the mixture 421 is allowed to permeate through the carrier 205 and pass through from
the mixture-discharging opening 206 to the discharge flow channel 251 so as to be discharged into the discharged
matter-accommodating container 400. At such time, the existing nucleic acid released and present in the mixture 421
is adsorbed by the carrier 205, and the other components of the mixture 421 are discharged into the discharged matter-
accommodating container 400. In Fig. 4-3, the carrier 205 after the completion of step 4 is particularly specified as a
carrier 205’ and the mixture 421 discharged after the completion of step 4 is particularly specified as a mixture 421’.
[0074] A step of collecting the nucleic acid adsorbed to the carrier 205’ in step 4 is appropriately carried out. A method
for collecting the nucleic acid is not particularly limited.
[0075] Typically, step 5 of washing the carrier 205’ using a washing liquid, thereby removing unnecessary components
other than a nucleic acid from the carrier, following step 4 is carried out. One example of the configuration of a device
for carrying out step 5 is illustrated in Fig. 4-4. The treatment reagent-accommodating container 100 and the specimen-
receiving member 240 are removed from the device after the completion of step 4 illustrated in Fig. 4-3, and the carrier-
holding member 250 and the discharged matter-accommodating container 400 are left. Subsequently, as illustrated in
Fig. 4-4, the washing liquid-accommodating container 440 is connected to the carrier-holding member 250 via the
connecting member 450, if appropriate. The washing liquid-accommodating container 440 is not particularly limited as
long as it accommodates the washing liquid 443. However, it preferably includes a pressure-feeding unit 441 and a
washing liquid-discharging neck portion 442 in which a discharge flow channel of a washing liquid 443 is formed. A
specific embodiment and other embodiments of the pressure-feeding unit 441 are the same as described for the pressure-
feeding unit 103 of the treatment reagent-accommodating container 100. The connecting member 450 comprises a
connecting member body 451, on which a through-hole having a shape corresponding to a washing liquid-discharging
neck portion 442 is formed, and a connecting member connecting portion 452. The washing liquid-discharging neck
portion 442 and the through-hole of the connecting member body 451 may be configured such that one of them is fitted
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into or screwed to the other for the establishment of connection. The connecting member connecting portion 452 and
the specimen-receiving member connecting portion 233 of the carrier-holding member 250 may be configured such that
one of them is fitted into or screwed to the other for the establishment of connection. In step 5, as illustrate in Fig. 4-4,
in a state in which the washing liquid-accommodating container 440 is connected to the carrier-holding member 250 via
the connecting member 450, the pressure-feeding unit 441 is activated to pressure-feeding the washing liquid 443 so
as to allow the washing liquid to permeate through the carrier 205’, thereby removing unnecessary components other
than the nucleic acid. The discharged liquid is mixed with the mixture 421’ in the washing liquid-accommodating container
440 in step 4 and is regarded as waste so as to be discarded. The carrier containing the nucleic acid, from which
unnecessary components have been removed by washing in step 5, is particularly specified as carrier 205".
[0076] It is preferable to carry out step 6 of bringing an eluent for eluting a nucleic acid into contact with the carrier,
thereby eluting the nucleic acid from the carrier, following step 5. One example of the configuration of a device for carrying
out step 6 is illustrated in Fig. 4-5. After step 5 is carried out using the device illustrated in Fig. 4-4, the discharged matter-
accommodating container 400 and the washing liquid-accommodating container 440 are removed and the carrier-holding
member 250 containing the carrier 205"and the connecting member 450 are left. Subsequently, the nucleic acid-collecting
container 470 is disposed downstream of the discharge flow channel 251 of the carrier-holding member 250. Then, the
eluent-accommodating container 460 is installed to the connecting member 450. The eluent-accommodating container
460 used herein is not particularly limited as long as it accommodates an eluent 463. However, it preferably includes a
pressure-feeding unit 461 and an eluent-discharging neck portion 462, in which a flow channel for discharging the eluent
463 is formed. A specific embodiment and other embodiments of the pressure-feeding unit 461 are the same as described
for the pressure-feeding unit 103 of the treatment reagent-accommodating container 100. A through-hole formed on the
connecting member body 451 of the connecting member 450 is configured to have a shape which also corresponds to
the eluent-discharging neck portion 462. The eluent-discharging neck portion 462 and the through-hole of the connecting
member body 451 may be configured such that one of them is fitted into or screwed to the other for the establishment
of connection. In step 6, as illustrate in Fig. 4-5, in a state in which the eluent-accommodating container 460 is connected
to the carrier-holding member 250 via the connecting member 450, the pressure-feeding unit 461 is activated to pressure-
feeding the eluent 463 so as to allow the washing liquid to permeate through the carrier 205", thereby eluding the nucleic
acid adsorbed by the carrier 205". The discharge nucleic acid-containing liquid is accommodated in the nucleic acid-
collecting container 470 and can be used as a nucleic acid extract from the specimen S for analysis.
[0077] It is preferable that the nucleic acid-containing liquid collected in step 6 contains a purified nucleic acid. Puri-
fication of a nucleic acid means separation and isolation of a nucleic acid contained in a specimen from foreign substances
other than the nucleic acid. The degree of acceptable purification is at a level that allows implementation of the following
examples of molecular biological analysis with the use of a purified nucleic acid without problems: nucleic acid amplifi-
cation methods such as PCR and the isothermal nucleic acid amplification method, restriction enzyme treatment, cloning,
nucleotide sequencing analysis, Southern blotting, Northern blotting, hybrid capture analysis, line probe assay, microarray
analysis, electrophoresis, mass spectrometry, fluorescence staining, dye staining, and analysis based on complementary
binding between natural or unnatural complementary nucleic acid strands.

<Device for separating nucleic acid>

[0078] According to the present invention, a device for separating a nucleic acid from a specimen containing a nucleic
acid is provided.
[0079] Preferably, the device of the present invention comprises the treatment reagent-accommodating container 100
and the nucleic acid-collecting member 200 described in detail relating to the aforementioned method. As the device of
the present invention comprises a plurality of constituent elements, it can be also referred to as a "kit."
[0080] Preferably, the device of the present invention further comprises the washing liquid-accommodating container
440 and/or the eluent-accommodating container 460 described in detail relating to the aforementioned method.
[0081] The device of the present invention may optionally comprise at least one selected from the discharged matter-
accommodating container 400, the connecting member 450, and the nucleic acid-collecting container 470 described in
detail relating to the aforementioned method.
[0082] The device of the present invention or individual elements included in the device of the present invention may
be incorporated into a part of any constituent element such as a nucleic acid preparation device, a nucleic acid amplification
device, or a device for automatic analysis of nucleic acids.

<Treatment reagent>

[0083] A treatment reagent for causing a nucleic acid in a specimen to be released contains a component for causing
a nucleic acid to be released. Preferably, it further comprises at least one selected from a component for reducing
infectivity of a microorganism and a component for facilitating a carrier to adsorb a nucleic acid. The treatment reagent



EP 3 348 634 A1

14

5

10

15

20

25

30

35

40

45

50

55

may contain, as the above components or components other than the above components, a liquid medium such as
water or an organic solvent.
[0084] The treatment reagent is in the liquid form in the embodiments illustrated in Figs. 1 to 4-4. However, it is not
limited to the liquid form and thus it may be in the solid form. For example, in the embodiment of the treatment reagent-
accommodating container 100 illustrated in Fig. 5, the treatment reagent 101 is in the solid form such as a powder or
granule. Other features are similar to those of the treatment reagent-accommodating container 100 illustrated in Fig. 1.
[0085] It is preferable that at least one of the treatment reagent and the specimen contains a liquid such that a mixture
formed by mixing the treatment reagent and the specimen is in the liquid form. For example, in a case in which the
specimen contains a liquid such as urine, blood, beverage, river water, or sea water, the obtained mixture is in the liquid
form even when the treatment reagent is in the solid form such as a powder or granule. In a case in which the specimen
is in the solid form or solid-like form such as sputum or nasal discharge, the mixture can be obtained in the liquid form
with the use of a liquid as the treatment reagent.
[0086] A component for reducing infectivity of a microorganism is a component capable of reducing infectivity of a
microorganism that may be contained in a specimen. An agent that is generally used as a bactericide or a disinfectant
can be used. Examples of a component for reducing infectivity of a microorganism include, but are not limited to, at least
one component selected from the group consisting of an organic solvent, an aldehyde disinfectant, an iodine agent, a
chlorine agent, peracetic acid, ozone, hydrogen peroxide, merbromin, 6,9-diamino-2-ethoxyacridine lactate, a surfactant,
and an alkaline substance. Examples of a component for reducing infectivity of a microorganism component include,
but are not limited to, at least one component (designated as a "first group component") selected from the group consisting
of an organic solvent, glutaraldehyde, phtharal, peracetic acid, povidone iodine, sodium hypochlorite, benzalkonium
chloride, and a surfactant. In addition, different examples of a component for reducing infectivity of a microorganism
component include a component other than the first group component, which is at least one component selected from
the group consisting of an organic solvent, an aldehyde disinfectant, an iodine agent, a chlorine agent, peracetic acid,
ozone, hydrogen peroxide, merbromin, 6,9-diamino-2-ethoxyacridine lactate, a surfactant, and an alkaline substance.
More specific examples include, but are not limited to, at least one component (designated as a "second group compo-
nent") selected from the group consisting of ozone, hydrogen peroxide, chlorine dioxide, merbromin, chlorhexidine
gluconate, 6,9-diamino-2-ethoxyacridine lactate, cetylpyridinium chloride, formaldehyde, and an alkaline substance. 6,9-
Diamino-2-ethoxyacridine lactate in the form of monohydrate may be added.
[0087] Examples of an organic solvent include alcohols such as methanol, ethanol, and isopropanol and phenols such
as phenol and cresol. An organic solvent may be a mixed solvent obtained by mixing different types of organic solvents.
Examples of an aldehyde disinfectant include at least one selected from glutaraldehyde, phtharal, and formaldehyde.
An example of an iodine agent is povidone iodine. Examples of a chlorine agent include at least one selected from
hypochlorite and chlorine dioxide. An example of hypochlorite used herein is sodium hypochlorite. Examples of a sur-
factant include at least one selected from an anionic surfactant, a cationic surfactant, an amphoteric surfactant, and a
nonionic surfactant. Examples of a cationic surfactant (invert soap) include at least one selected from benzalkonium
chloride and cetylpyridinium chloride. An example of an amphoteric surfactant (amphoteric soap) is chlorhexidine glu-
conate. Examples of an alkaline substance include basic salts such as sodium carbonate as well as basic substances
such as sodium hydroxide, potassium hydroxide, barium hydroxide, calcium hydroxide, tetramethylammonium hydroxide,
ammonia, and trimethylamine. The amount of a component for reducing infectivity of a microorganism of the present
invention may be an effective amount that allows reducing infectivity of a microorganism contained in a specimen. The
concentration and amount of a component for reducing infectivity of a microorganism differ in the optimum point depending
on components. However, those skilled in the art can readily determine the optimum point.
[0088] According to the present invention, the "release" of a nucleic acid means a state in which a nucleic acid to be
separated, which is present in a specimen, can be adsorbed by a carrier. For example, in a case in which a nucleic acid
is encapsulated with a biological membrane of a cell, virus, or the like in a specimen, the release means a state in which
the biological membrane is destroyed to release the nucleic acid outside the biological membrane such that the nucleic
acid can be adsorbed by the carrier.
[0089] As a component for causing a nucleic acid to be released, a component capable of solubilizing a membrane
encapsulating a nucleic acid in a specimen (e.g., biological membrane of a cell or virus) can be used. Examples thereof
include at least one selected from the group consisting of alkaline substances and surfactants. The amount of a component
for causing a nucleic acid to be released used in the present invention may be an effective amount that allows causing
a nucleic acid to be released in a specimen.
[0090] An alkaline substance serves as a component for causing a nucleic acid to be released as well as a component
for reducing infectivity of a microorganism. An alkaline substance which is an effective component for causing a nucleic
acid to be released can be selected from the above specific examples of an alkaline substance as a component for
reducing infectivity of a microorganism.
[0091] Examples of a surfactant include at least one selected from an anionic surfactant, a cationic surfactant, an
amphoteric surfactant, and a nonionic surfactant. A surfactant serves as a component for causing a nucleic acid to be
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released as well as a component for reducing infectivity of a microorganism. A surfactant which is an effective component
for causing a nucleic acid to be released can be selected from the above specific examples of a surfactant as a component
for reducing infectivity of a microorganism.
[0092] Examples of a component for facilitating a carrier to adsorb a nucleic acid include organic solvents and chaotropic
agents.
[0093] Examples of an organic solvent that is an effective component for facilitating a carrier to adsorb a nucleic acid
include alcohols such as methanol, ethanol, and isopropanol, phenol, and chloroform. An organic solvent may be a
mixed solvent obtained by mixing different types of organic solvents. Examples of a chaotropic agent include at least
one selected from the group consisting of a guanidine salt (e.g., at least one selected from guanidine isothiocyanate,
guanidine thiocyanate, and guanidine hydrochloride), urea, sodium iodide, potassium iodide, sodium bromide, potassium
bromide, calcium bromide, ammonium bromide, sodium perchlorate, sodium cyanate, potassium cyanate, sodium thi-
ocyanate, sodium perchlorate, sodium trichloroacetate, and sodium trifluoroacetate. A chaotropic agent is more preferably
one selected from a guanidine salt, urea, and sodium iodide and most preferably a guanidine salt. These chaotropic
agents may be used alone or in combination. In addition, a chaotropic agent functions not only to promote adsorption
of a nucleic acid by a nucleic acid adsorptive carrier but also to serve as a protein denaturant, thereby also acting on
extraction of the nucleic acid. The amount of a component for facilitating a carrier to adsorb a nucleic acid may be an
amount enough to facilitate a carrier to adsorb a nucleic acid. Those skilled in the art can readily determine the optimum
amount. However, for example, in a case in which a component for facilitating a carrier to adsorb a nucleic acid is an
organic solvent, the amount accounts for 20% by weight or more and preferably 40% by weight or more with respect to
the total amount of the treatment reagent. In a case in which a component for facilitating a carrier to adsorb a nucleic
acid is a chaotropic agent, the final concentration of the component in a mixture when mixed with a specimen is 0.1 M
or more, more preferably 0.5 M or more, and further preferably 1 M or more.
[0094] In order for a treatment reagent used in the present invention to have three advantageous features of reducing
infectivity of a pathogenic microorganism contained in a specimen, causing a nucleic acid present in a specimen to be
released, and allowing a nucleic acid adsorptive carrier to adsorb a nucleic acid, it is preferable to use a plurality of the
aforementioned components in combination.
In addition, one substance has multiple functions in some cases. For example, an organic solvent such as an alcohol
functions as a component for reducing infectivity of a microorganism component and also functions as a component for
facilitating a carrier to adsorb a nucleic acid. A component having multiple functions may be mixed in a treatment reagent.
[0095] A treatment reagent used in the present invention preferably contains a component for reducing infectivity of
a microorganism and a component for causing a nucleic acid to be released. Each of the components is described
above. A component for reducing infectivity of a microorganism and a component for causing a nucleic acid to be released
are not necessarily different substances. At least one substance that functions as the two components may be used.
An alkaline substance and a surfactant are each a component that can reduce infectivity of a microorganism and also
can cause a nucleic acid to be release as described above. Therefore, the treatment reagent used in the present invention
may contain at least one selected from the group consisting of alkaline substances and surfactants serving as a component
that can reduce infectivity of a microorganism and also can cause a nucleic acid to be release. More preferably, the
treatment reagent further contains a component for reducing infectivity of a microorganism, in addition to the above at
least one member. The amount of at least one selected from the group consisting of alkaline substances and surfactants
in the treatment reagent used in the present invention may be an effective amount that allows reducing infectivity of a
microorganism and causing a nucleic acid to be released. Specifically, the concentration of an alkaline substance is
preferably 0.1% by weight or more, more preferably more than 2% by weight, further preferably 3% by weight or more,
and yet further preferably 4% by weight or more with respect to the total amount of the treatment reagent. The upper
limit thereof is not particularly limited. However, it is preferably 20% by weight or less and more preferably 10% by weight
or less. The concentration of the surfactant is preferably 0.05% by weight or more and more preferably 0.1% by weight
or more, and at the same time, it is preferably 5% by weight or less and more preferably 2% by weight or less with
respect to the total amount of the treatment reagent.
[0096] The treatment reagent used in the present invention is not necessarily accommodated, as a single component,
in the inner container space 110 of the treatment reagent-accommodating container 100. It may be accommodated as
separate components. In such case, the inner container space 110 is divided into a plurality of compartments, and each
compartment can accommodate at least one treatment reagent. For example, in one embodiment of the treatment
reagent-accommodating container 100 illustrated in Fig. 6, a partition 600 is provided between one end of the discharging
opening periphery portion 105 on the side of the discharging opening 102 and the other end thereof which is connected
to the pressure-feeding unit 103. The partition 600 is to separate the discharging opening adjacent space 112 into a
discharging opening adjacent space discharging opening side portion 112 (1) and a discharging opening adjacent space
pressure-feeding unit side portion 112 (2), thereby dividing the inner container space 110 into a discharging opening
adjacent space discharging opening side portion 112 (1) and a space formed by combining the pressure-feeding unit
inner space 111 and the discharge opening adjacent space pressure-feeding unit side portion 112 (2). In this embodiment,
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the treatment reagent contains a first treatment reagent 101 (1) and a second treatment reagent 101 (2). The first
treatment reagent 101 (1) is accommodated in the discharging opening adjacent space discharging opening side portion
112 (1), and the second treatment reagent 101 (2) is accommodated in a space formed by combining the pressure-
feeding unit inner space 111 and the discharge opening adjacent space pressure-feeding unit side portion 112 (2). In
the embodiment illustrated in Fig. 6, the first treatment reagent 101 (1) is a solid such as a powder or granule, and the
second treatment reagent 101 (2) is a liquid. However, the treatment reagents are not limited to such embodiment. For
example, both of the first treatment reagent 101 (1) and the second treatment reagent 101 (2) may be in the solid form
or liquid form. In addition, the treatment reagent may be formed with three or more components. In this case, each
component can be optionally determined to be in the form of liquid, solid, etc. The partition 600 that separates the inner
container space 110 is configured such that when the treatment reagent-accommodating container 100 is connected to
the treatment reagent-supplying opening 204 of the nucleic acid-collecting member 200, the partition 600 is destroyed
as in the case of the cover 104. The partition 600 may be formed with a film comprising a synthetic resin and a metallic
film such as an aluminum film, and it also may be a laminated body prepared by laminating different types of films, as
in the case of the cover 104. The partition 600 can be fixed by appropriate fixation to the internal circumference surface
1052 of the discharging opening periphery portion 105 by means of adhesion with an adhesive, thermal or ultrasonic
welding, or the like.
[0097] A preferable combination of components of the treatment reagent used in the present invention is a combination
of an alcohol and an alkaline substance. In order to enhance the aforementioned three advantageous features, at least
one component selected from the group consisting of chaotropic agents, surfactants, and disinfectants or the reductant
described above may be added. A liquid medium such as water may be further contained. An alcohol is preferably at
least one selected from the group consisting of methanol, ethanol, and isopropanol. An alkaline substance is preferably
at least one selected from the group consisting of sodium hydroxide, a potassium hydroxide, a barium hydroxide, and
calcium hydroxide. A combination of ethanol and sodium hydroxide is more preferable. In a case in which the treatment
reagent used in the present invention contains an alcohol and an alkaline substance, those skilled in the art can appro-
priately determine the concentrations thereof. In one example, the concentration of an alcohol is preferably 20% by
weight or more and more preferably 40% by weight or more with respect to the total amount of the treatment reagent.
The upper limit thereof is not particularly limited. However, it is preferably 99% by weight or less and more preferably
80% by weight or less. These alcohol concentrations are particularly preferable in a case in which the treatment reagent
is in the liquid form. The concentration of an alkaline substance is preferably 0.1% by weight or more and more preferably
2% by weight or more with respect to the total amount of the treatment reagent. The upper limit thereof is not particularly
limited. However, it is preferably 20% by weight or less and more preferably 10% by weight or less. These alkaline
substance concentrations are particularly preferable in a case in which the treatment reagent is in the liquid form.
[0098] In a case in which the treatment reagent used in the present invention contains a chaotropic agent, the amount
of a chaotropic agent corresponds to a final concentration of 0.1 M or more and more preferably 0.5 M or more when
mixed with a specimen. The upper limit of the final concentration of a chaotropic agent is not particularly limited. However,
it is preferably 10 M or less and more preferably 5 M or less.
[0099] In a case in which the specimen is a highly viscous specimen containing a component crosslinked by an S-S
bond, such as sputum, it is preferable to mix a reductant, which is preferably a thiol reductant and particularly preferably
a cysteine reductant such as N-acetyl-L-cysteine, L-cysteine ethyl ester, L-cysteine methyl ester, N-ethyl-L-cysteine, or
N-methyl-L-cysteine in a treatment reagent, thereby cleaving the S-S bond in the specimen to improve fluidity. As stated
above, these reductants may be in the form of salts. The concentration of a reductant in the treatment reagent is preferably
0.5% by weight or more and more preferably 2% by weight or more. The upper limit thereof is not particularly limited.
However, it is preferably 15% by weight or less and more preferably 10% by weight or less. These reductant concentrations
are particularly preferable in a case in which the treatment reagent is in the liquid form.

<Nucleic acid>

[0100] Examples of a nucleic acid in the present invention include deoxyribonucleotides and ribonucleotide polymers
such as DNA and RNA. The origin of a nucleic acid is not particularly limited. A nucleic acid from a eukaryotic organism,
a bacterium, an archaeon, a virus, a viroid, or an artificial composite may be used.

<Specimen containing nucleic acid>

[0101] A specimen that can be used in the present invention is not particularly limited as long as it is a specimen
containing a nucleic acid (including a specimen that possibly contains a nucleic acid). Examples of a specimen containing
a nucleic acid include a biological sample, beverage, river water, and sea water. A biological sample may be obtained
from an animal such as a human, a plant, or a microorganism. Examples of a biological sample include blood, urine,
feces, sputum, saliva, nasal discharge, and swabbed fluid.
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[0102] The present invention can be particularly preferably used for a specimen containing an infectious microorganism
(including a specimen that possibly contains an infectious microorganism). An infectious microorganism can be a cause
of infection. Examples of such specimen include a biological sample obtained from an animal or plant that is affected
or possibly affected with infection and a food or beverage, river water, or sea water that is contaminated or possibly
contaminated with an infectious microorganism.
[0103] According to the present invention, a nucleic acid in a specimen, which is to be separated, is not limited to a
nucleic acid obtained from an infectious microorganism in a specimen, and it may be a nucleic acid obtained from different
cells in a specimen, such as human cells or cells of another animal.

<Infectious microorganism>

[0104] An infectious microorganism according to the present invention is a microorganism characterized by or capable
of infecting a different organism and causing an infection in the host. Examples thereof include spirochaete such as
syphilis (Treponema or Borrelia), pathogenic bacteria such as staphylococcus, streptococcus, pneumococcus, acid-fast
bacterium (e.g., tuberculosis bacterium), tetanus bacillus, and E. coli, and pathogenic fungi. Examples of an infectious
microorganism further include viruses such as influenza virus, adenovirus, herpesvirus, hepatitis virus, HIV virus, Jap-
anese encephalitis virus, and poliovirus. In other words, the scope of the term "microorganism" used herein also includes
viruses.

<Carrier that adsorbs nucleic acid>

[0105] The term "carrier that adsorbs a nucleic acid" (hereinafter sometimes referred to as "nucleic acid adsorptive
carrier") used in the present invention refers to a nucleic acid adsorptive carrier that can adsorb a released nucleic acid
in the presence of a mixture of a treatment reagent and a specimen.
[0106] Examples of a carrier include, but are not limited to, an inorganic nucleic acid adsorptive carrier such as silica,
a resin, and an organic nucleic acid adsorptive carrier such as an insoluble polysaccharide. Such nucleic acid adsorptive
carriers may be in the form of powder, fibers, or porous material, and they may be magnetic and optionally modified. A
nucleic acid adsorptive carrier that is formed to have a column shape, a membrane-like shape, or the like can be used.
The thickness of a membrane-like nucleic acid adsorptive carrier is not particularly limited. However, it is preferably 1.0
mm to 1.5 mm. The plane view shape of a membrane-like nucleic acid adsorptive carrier is not particularly limited.
However, it is preferably a circular shape having a diameter of 1 mm to 10 mm. One example of a porous nucleic acid
adsorptive carrier is a porous carrier having a monolith structure, and monolith silica is particularly preferable. A particularly
preferable example of monolith silica is monolith silica for which the mean value of through-pore diameters calculated
based on a scanning electron microscope (SEM) image is preferably 5 to 50 mm and more preferably 5 to 40 mm.
[0107] As described in detail about the carrier 205, under conditions that cause substantially no air pressure difference
between two spaces separated by a nucleic acid adsorptive carrier, the nucleic acid adsorptive carrier is preferably
configured such that a treatment reagent 101, a mixture 421, or a specimen S disposed in one of the two spaces of the
nucleic acid adsorptive carrier is substantially unable to permeate therethrough in gravity. The meaning of the expression
"substantially unable to permeate" is described above relating to the carrier 205.

<Washing liquid>

[0108] The washing liquid used in the present invention may be a washing liquid that can wash a solubilized reagent
remaining in a nucleic acid adsorptive carrier adsorbing a nucleic acid or foreign substances from a sample. Examples
thereof include, but are not limited to, an organic solvent, a water-soluble polymer solution, and a sugar aqueous solution,
in which a nucleic acid is not dissolved.
[0109] Examples of an organic solvent that can be used as a washing liquid include ethanol, isopropanol, and acetone.
In a case in which a water-soluble organic solvent is used as an organic solvent, an aqueous solution of an organic
solvent can be used. Those skilled in the art can readily determine the optimum value of the concentration. However,
for example, it is 20% to 100% by weight, preferably 30% to 90% by weight, and more preferably 40% to 80% by weight.

<Eluent>

[0110] An eluent used in the present invention is not particularly limited as long as it is a liquid that can elute a nucleic
acid adsorbed by a nucleic acid adsorptive carrier. Examples of an eluent include water and buffer solutions such as a
tris hydrochloride buffer solution. An eluent may contain components such as pH buffering components and salts as
long as they do not inhibit the function of the eluent and PCR reaction.
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<Materials that constitute components of the device of the present invention>

[0111] As materials that constitute individual elements of the device of the present invention, materials that can be
generally used for containers for preserving liquid can be used. Examples thereof include, but are not particularly limited
to, synthetic resins such as polyethylene, polypropylene, polystylene, polyethylene terephthalate, polyvinyl chloride,
Teflon (registered trademark), acrylonitrile-butadiene-styrene, and acrylic. In addition, materials that can be generally
used for containers for preserving liquid, such as glass or metal, may be used. It is also possible to use two or more of
these examples in combination. In view of economic efficiency, a synthetic resin is preferable.

<Preferable embodiment of the treatment reagent of the present invention>

[0112] A preferable embodiment of a treatment reagent for causing a nucleic acid to be released in a specimen
containing a component crosslinked by an S-S bond, such as sputum, is a treatment reagent which further comprises
a thiol reductant, in addition to the component for reducing infectivity of a microorganism and the component for causing
a nucleic acid to be released. The treatment reagent in this embodiment can be particularly preferably used for causing
a nucleic acid in a specimen containing a component crosslinked by an S-S bond, such as sputum, to be released and
allowing a carrier comprising silica to adsorb the nucleic acid. N-acetyl-L-cysteine is preferable as a thiol reductant. The
concentration of a thiol reductant in the treatment reagent in this embodiment is described above. The treatment reagent
is preferably an aqueous solution prepared by dissolving the component for reducing infectivity of a microorganism, the
component for causing a nucleic acid to be released, and a thiol reductant in water. As the component for reducing
infectivity of a microorganism and the component for causing a nucleic acid to be released, a component that can reduce
infectivity of a microorganism and also can cause a nucleic acid to be released may be used. More preferably, a treatment
reagent is an aqueous solution containing a thiol reductant in an amount that accounts for 0.5% by weight or more with
respect to the total amount of the treatment reagent. The further preferable concentration is described above. The
treatment reagent in this embodiment may further contain another component described above. Another component is
preferably a chaotropic agent. The amount of a chaotropic agent is preferably an amount such that the final concentration
of the chaotropic agent when mixed with a specimen is within the above scope.
[0113] The treatment reagent in this embodiment more preferably contains an alkaline substance and a thiol reductant
and particularly preferably further contains an alcohol. The treatment reagent in this embodiment can be particularly
preferably used for causing a nucleic acid in a specimen containing a component crosslinked by an S-S bond, such as
sputum, to be released and allowing a carrier comprising silica to adsorb the nucleic acid. Specific examples of individual
components are described above. In particular, sodium hydroxide is preferable as an alkaline substance, N-acetyl-L-
cysteine is preferable as a thiol reductant, and ethanol is preferable as an alcohol. The concentration of a thiol reductant
in the treatment reagent in this embodiment is described above. The concentration of an alkaline substance in the
treatment reagent in this embodiment is preferably 0.1% by weight or more, more preferably more than 2% by weight,
further preferably 3% by weight or more, and yet further preferably 4% by weight or more with respect to the total amount
of the treatment reagent. The upper limit is not particularly limited. However, the concentration of an alkaline substance
is preferably 20% by weight or less and more preferably 10% by weight or less. These alkaline substance concentrations
are particularly preferable in a case in which the treatment reagent is in the liquid form. In a case in which the treatment
reagent in this embodiment further contains alcohol, the concentration of alcohol is preferably 20% by weight or more,
and more preferably 40% by weight or more with respect to the total amount of the treatment reagent. The upper limit
thereof is not particularly limited. However, it is preferably 99% by weight or less and more preferably 80% by weight or
less. These alcohol concentrations are particularly preferable in a case in which the treatment reagent is in the liquid
form. The treatment reagent in this embodiment is more preferably an aqueous solution containing an alkaline substance
in an amount that accounts for 0.1% by weight or more and a thiol reductant in an amount 0.5% by weight or more with
respect to the total amount of the treatment reagent and it is further preferably an aqueous solution further containing
alcohol in an amount that accounts for 20% by weight with respect to the total amount of the treatment reagent. The still
more preferable range of the concentration of each component is described above. The treatment reagent in this em-
bodiment may further contain another component other than the above components. Another component is preferably
a chaotropic agent. The amount of a chaotropic agent is preferably an amount such that the final concentration of the
chaotropic agent when mixed with a specimen is within the above scope.
[0114] The treatment reagent in this embodiment, which contains the component for reducing infectivity of a microor-
ganism, the component for causing a nucleic acid to be released, and a thiol reductant, can exhibit the following four
advantageous effects: (1) reducing viscosity of a highly viscous specimen containing a component crosslinked by an S-
S bond, such as sputum; (2) facilitating silica to adsorb a nucleic acid; (3) sterilizing; and (4) extracting a nucleic acid
from a microorganism or other cells (e.g., human cells in a specimen) in a specimen. Therefore, in a case in which a
nucleic acid from a microorganism or other cells is separated from a highly viscous specimen such as sputum, it is only
required to mix the treatment reagent in this embodiment with the specimen and bring the thus formed mixture into
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contact with a carrier comprising silica, which is a convenient operation. With the use of the treatment reagent in this
embodiment, there is no need to carry out pretreatment for reducing viscosity of a specimen and treatment for extracting
a nucleic acid as separate steps. In addition, in the above method for collecting a nucleic acid by allowing silica to adsorb
the nucleic acid released in a mixture, the nucleic acid is concentrated through adsorption by silica, which results in an
increased nucleic acid collection rate. As a method for collecting a nucleic acid from a sample containing a nucleic acid
and impurities, a conventional method, in which a sample containing a nucleic acid and impurities is allowed to pass
through zeolite such that the impurities are removed when adsorbed by zeolite, thereby collecting the nucleic acid that
has passed through zeolite, has been known. However, nucleic acid cannot be concentrated in this method, which results
in a low nucleic acid collection rate. In addition, as a specimen treatment method for reducing viscosity of a sputum
specimen, the NALC (N-acetyl-L-cysteine)-NaOH method has been known as a conventional method. However, since
the NALC-NaOH method is used in a test of culturing or smearing a treated specimen, the above effects (3) and (4)
cannot be obtained. Conventional methods of subjecting a microorganism in a highly viscous specimen such as sputum
to a nucleic acid test comprise a step of reducing viscosity of a specimen by the NALC-NaOH method and a step of
extracting a nucleic acid in a specimen by heat extraction or the like, indicating that the operations are very complicated.
[0115] In addition, a method comprising treating a specimen with the treatment reagent in this embodiment, bringing
a mixture, in which a nucleic acid present in the specimen has been released, into contact with a nucleic acid adsorptive
carrier, and collecting the nucleic acid by allowing the carrier to adsorb the nucleic acid is effective for concentration of
the nucleic acid, which results in a high nucleic acid collection rate. This is particularly effective for nucleic acid extraction
from a specimen having a low nucleic acid concentration (or a low cell concentration). Therefore, it becomes possible
to concentrate a nucleic acid in a specimen, from which a nucleic acid could not be detected in pretreatment by a nucleic
acid amplification method according to conventional methods (the method using zeolite and the NALC-NaOH method),
at a detectable concentration and collecting the nucleic acid by extraction. In addition, in the above method comprising
collecting a nucleic acid by allowing a carrier to adsorb the nucleic acid, it is possible to wash the carrier with a substance
that does not elute a nucleic acid after allowing the carrier to adsorb the nucleic acid. In this case, impurities other than
a nucleic acid can be removed. Impurities other than a nucleic acid such as proteins, lipids, and polysaccharides are
known to negatively affect a nucleic acid amplification reaction. In particular, in a case in which a nucleic acid to be
amplified is present in a small amount in a specimen, inhibition of amplification might cause the amount of the amplied
products to remain below the detection sensitivity. Therefore, detection performance of a nucleic acid amplification
method can be improved by removing impurities.

<Preferable embodiment of the nucleic acid separation method of the present invention>

[0116] Another embodiment of the present invention relates to a method for separating a nucleic acid from a specimen
containing a nucleic acid and a component crosslinked by an S-S bond, which comprises allowing a nucleic acid released
from the specimen to be adsorbed by a carrier in the presence of a mixture of a treatment reagent containing the
component for reducing infectivity of a microorganism, the component for causing a nucleic acid to be released, and a
thiol reductant and the specimen.
[0117] As the component for reducing infectivity of a microorganism and the component for causing a nucleic acid to
be released, a component that can reduce infectivity of a microorganism and also can cause a nucleic acid to be released
may be used.
[0118] Usually, a specimen comprising a component crosslinked by an S-S bond, such as sputum, has high viscosity
and low fluidity. However, fluidity can be improved by mixing the treatment reagent containing a thiol reductant with the
specimen. In addition, in a mixture of the treatment reagent and the specimen, infectivity of the specimen is reduced
and the release of a nucleic acid is promoted. The nucleic acid released from the specimen is adsorbed by the carrier
by bringing the mixture into contact with the carrier.
[0119] In the method in this embodiment, as described above, a nucleic acid released from a specimen in the mixture
is adsorbed by the carrier so as to be concentrated, which results in a high nucleic acid collection rate. Therefore, a
nucleic acid can be collected from a specimen, from which it is impossible to collect a nucleic acid by conventional
methods because of a low nucleic acid concentration.
[0120] It is preferable to bring the mixture into contact with the carrier several minutes, e.g., 3 to 7 minutes, after mixing
in order to allow a nucleic acid to be sufficiently released from the specimen. It is possible to bring the mixture into contact
with the carrier at room temperature, e.g., 20°C to 30°C.
[0121] The carrier preferably contains silica in the method in this embodiment. A specific embodiment of the carrier
containing silica is described in <Carrier that adsorbs nucleic acid> described above. A carrier containing silica has
relatively high liquid permeability. It is therefore easy to allow the mixture to permeate through the carrier by a small
pressure difference that can be generated manually. It is therefore possible to manually allow the mixture to permeate
through the carrier when bringing the mixture into contact with the carrier.
[0122] In the method of this embodiment, a method comprising allowing the carrier to adsorb a nucleic acid so as to
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collect the nucleic acid from the carrier is not particularly limited. For example, after allowing the carrier to adsorb a
nucleic acid, the carrier adsorbing the nucleic acid is washed with a washing liquid, and then, it is brought into contact
with an eluent for eluting a nucleic acid, thereby allowing the nucleic acid to be eluted from the carrier so as to collect
the nucleic acid. Specific embodiments of the washing liquid and the eluent are described in

<Washing liquid> and <Eluent> described above.

[0123] A specific embodiment of the treatment reagent used in the method in this embodiment, which contains the
component for reducing infectivity of a microorganism, the component for causing a nucleic acid to be released, and a
thiol reductant, is described above. More preferably, the treatment reagent contains an alcohol, an alkaline substance,
and a thiol reductant.
[0124] The method in this embodiment encompasses a method for separating a nucleic acid from the specimen using
the carrier that is contained in the device of the present invention and a method for separating a nucleic acid from the
specimen using the carrier that is not contained in the device of the present invention. The expression "device of the
present invention" refers to a "device for separating a nucleic acid from a specimen containing a nucleic acid by bringing
a mixture of a specimen containing a nucleic acid and a treatment reagent for causing a nucleic acid in a specimen to
be released into contact with a carrier that adsorbs a nucleic acid, which includes: a treatment reagent-accommodating
container configured to have an inner container space, the volume of which can be reduced, the container accommodating
a treatment reagent for causing a nucleic acid in a specimen to be released in the inner container space and having a
discharging opening for releasing the treatment reagent; and a nucleic acid-collecting member configured to have an
accommodation space for accommodating a specimen, in which a treatment reagent-supplying opening is formed on
one side of the accommodation space so as to be connected to the treatment reagent-accommodating container, thereby
allowing the treatment reagent to be supplied, and a mixture-discharging opening is formed on the other side of the
accommodation space so as to discharge the mixture via a carrier that adsorbs a nucleic acid released in the mixture
while allowing the mixture to permeate therethrough, wherein the device is configured such that a cover for sealing the
discharging opening is attached to the discharging opening of the treatment reagent-accommodating container, and
wherein the nucleic acid-collecting member allows the discharging opening sealed with the cover to be opened, thereby
causing the discharging opening to be communicated with the treatment reagent-supplying opening, when the treatment
reagent-accommodating container is connected to the treatment reagent-supplying opening of the nucleic acid-collecting
member" described herein or in the claims or a preferable embodiment thereof.

Examples

[0125] The present invention is specifically described with reference to the Examples below. However, the present
invention is not limited to these Examples.

[Example 1]

[0126] The operations described below were carried out using a treatment reagent-accommodating container 100, a
nucleic acid-collecting member 200, a discharged matter-accommodating container 400, a washing liquid-accommo-
dating container 440, a connecting member 450, an eluent-accommodating container 460, and a nucleic acid-collecting
container 470 as illustrated in the figures. The nucleic acid-collecting member 200 is prepared by combining a specimen-
receiving member 240 and a carrier-holding member 250 as illustrated in Fig. 2. The carrier-holding member 250 com-
prises a circular membrane-like carrier formed with silica monolith having nucleic acid adsorption ability (membrane
thickness: 1.5 mm; aperture: 4 mm; through-pore diameter: 30 to 40 mm (measurement method: the mean value calculated
based on a scanning electron microscope image)) serving as a carrier 205. Note that a deformable bag-shaped container
that allows a pressure-feeding unit 461 to be squeezed, thereby reducing the volume of a pressure-feeding unit inner
space 111 and the volume of an inner container space 110, which differs from the embodiment illustrated in Fig. 4-5,
was used as the eluent-accommodating container 460.

(Nucleic acid extraction)

[0127] As illustrated in Figs. 4-1, a nucleic acid-collecting member 200 was connected to a discharged matter-accom-
modating container 400, and then, 3 mL of a culture solution of Mycobacterium smegmatis (M. smegmatis) known as
an acid-fast bacterium (1.0 3 106 CFU/mL) was introduced as a specimen S into an accommodation space 203 of the
nucleic acid-collecting member 200. Next, as illustrated in Fig. 4-2, a treatment reagent-accommodating container 100,
in which 5 mL of an aqueous solution containing 5% by weight sodium hydroxide and 60% by weight ethanol was
enclosed as a treatment reagent 101, was connected to the nucleic acid-collecting member 200. Subsequently, the
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specimen S and the treatment reagent 101 were mixed in a mixing space 420 by shaking the device as a whole 10 times
in a vertical direction, thereby obtaining a mixture 421. Then, the mixture was allowed to stand still at room temperature
for 5 minutes.
[0128] As illustrated in Fig. 4-3, a pressure-feeding unit 103 having an accordion structure of the treatment reagent-
accommodating container 100 was squeezed, thereby allowing the mixture 421 to pass through the carrier 205. The
unwashed carrier 205 adsorbing a nucleic acid was designated as carrier 205’. The treatment reagent-accommodating
container 100 and the specimen-receiving member 240 of the nucleic acid-collecting member 200 were removed at the
same time. Then, as illustrated in Fig. 4-4, the washing liquid-accommodating container 440, in which 15 mL of a 40%
by weight ethanol aqueous solution was enclosed as a washing liquid 443, was connected to the carrier-holding member
250 via the connecting member 450. Subsequently, a pressure-feeding unit 441 having an accordion structure of the
washing liquid-accommodating container 440 was squeezed, thereby allowing the washing liquid 443 to pass through
the carrier 205’. Then, after the pressure-feeding unit 441 returned to the original shape, the pressure-feeding unit 441
was squeezed again, thereby allowing the air inside the washing liquid-accommodating container 440 to pass through
the carrier 205’. The washed carrier 205 adsorbing a nucleic acid was designated as carrier 205". The washing liquid-
accommodating container 440 was removed. As illustrated in Fig. 4-5, the eluent-accommodating container 460, in
which water was enclosed as an eluent 463, was connected to the carrier-holding member 250 via the connecting
member 450. In addition, the discharged matter-accommodating container 400 was removed and the nucleic acid-
collecting container 470 was connected to the carrier-holding member 250. The above-described bag-shaped container
constituting a pressure-feeding unit 461 of the eluent-accommodating container 460 was squeezed, thereby allowing
the eluent 463 to pass through the carrier 205" and recovering the eluent into the nucleic acid-collecting container 470.
The eluent 463 that had permeated through the carrier 205" was collected in an amount of 10 mL and amplified by real-
time PCR, followed by detection. Thus, extraction of the nucleic acid of M. smegmatis was confirmed. The time required
for nucleic acid extraction and purification excluding the time required for PCR was approximately 7 minutes.

[Example 2]

[0129] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis, in the same manner as in Example 1 except that a culture solution of M. smegmatis (1.0
3 104 CFU/mL) was used as a specimen S. The time required for nucleic acid extraction and purification excluding the
time required for PCR was approximately 7 minutes.

[Example 3]

[0130] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis, in the same manner as in Example 1 except that a culture solution of M. smegmatis (1.0
3 102 CFU/mL) was used as a specimen S. The time required for nucleic acid extraction and purification excluding the
time required for PCR was approximately 7 minutes.

[Example 4]

[0131] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis, in the same manner as in Example 1 except that a washing liquid-accommodating container
440, in which 15 mL of a 60% by weight ethanol aqueous solution was enclosed as the washing liquid 443, was used.
The time required for nucleic acid extraction and purification excluding the time required for PCR was approximately 7
minutes.

[Example 5]

[0132] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis, in the same manner as in Example 1 except that a washing liquid-accommodating container
440, in which 15 mL of a 20% by weight ethanol aqueous solution was enclosed as the washing liquid 443, was used.
The time required for nucleic acid extraction and purification excluding the time required for PCR was approximately 7
minutes.

[Example 6]

[0133] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis, in the same manner as in Example 1 except that a treatment reagent-accommodating
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container 100, in which 3 mL of an aqueous solution containing 5% by weight sodium hydroxide and 60% by weight
ethanol was enclosed as the treatment reagent 101, was used. The time required for nucleic acid extraction and purification
excluding the time required for PCR was approximately 7 minutes.

[Example 7]

[0134] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis, in the same manner as in Example 1 except that a treatment reagent-accommodating
container 100, in which 15 mL of an aqueous solution containing 5% by weight sodium hydroxide and 60% by weight
ethanol was enclosed as the treatment reagent 101, was used. The time required for nucleic acid extraction and purification
excluding the time required for PCR was approximately 7 minutes.

[Example 8]

[0135] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis, in the same manner as in Example 1 except that a treatment reagent-accommodating
container 100, in which 5 mL of an aqueous solution containing 5% by weight sodium hydroxide, 30% by weight sodium
iodide (at a final concentration of approximately 1.3 M when mixed with a specimen), and 60% by weight ethanol was
enclosed as the treatment reagent 101, was used. The time required for nucleic acid extraction and purification excluding
the time required for PCR was approximately 7 minutes.

[Example 9]

[0136] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis, in the same manner as in Example 1 except that a treatment reagent-accommodating
container 100, in which 5 mL of an aqueous solution containing 5% by weight sodium hydroxide, 20% by weight sodium
iodide (at a final concentration of approximately 0.8 M when mixed with a specimen), and 60% by weight ethanol was
enclosed as the treatment reagent 101, was used. The time required for nucleic acid extraction and purification excluding
the time required for PCR was approximately 7 minutes.

[Example 10]

[0137] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis, in the same manner as in Example 1 except that a treatment reagent-accommodating
container 100, in which 5 mL of an aqueous solution containing 5% by weight sodium hydroxide, 20% by weight urea
(at a final concentration of approximately 2.1 M when mixed with a specimen), and 60% by weight ethanol was enclosed
as the treatment reagent 101, was used. The time required for nucleic acid extraction and purification excluding the time
required for PCR was approximately 7 minutes.

[Example 11]

[0138] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis in the same manner as in Example 1 except that a carrier having a membrane thickness
of 1.0 mm, an aperture of 4 mm, and a through-pore diameter of 30 to 40 mm (measurement method: the mean value
calculated based on a scanning electron microscope image) was used as the circular membrane-like carrier formed with
silica monolith having nucleic acid adsorption ability. The time required for nucleic acid extraction and purification ex-
cluding the time required for PCR was approximately 7 minutes.

[Example 12]

[0139] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis in the same manner as in Example 1 except that a carrier having a membrane thickness
of 1.5 mm, an aperture of 10 mm, and a through-pore diameter of 30 to 40 mm (measurement method: the mean value
calculated based on a scanning electron microscope image) was used as the circular membrane-like carrier formed with
silica monolith having nucleic acid adsorption ability. The time required for nucleic acid extraction and purification ex-
cluding the time required for PCR was approximately 7 minutes.
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[Example 13]

[0140] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. smegmatis in the same manner as in Example 1 except that a carrier having a membrane thickness
of 1.0 mm, an aperture of 4 mm, and a through-pore diameter of 5 to 10 mm (measurement method: the mean value
calculated based on a scanning electron microscope image) was used as the circular membrane-like carrier formed with
silica monolith having nucleic acid adsorption ability. The time required for nucleic acid extraction and purification ex-
cluding the time required for PCR was approximately 7 minutes.
[0141] The real-time PCR primers used for detecting the nucleic acid of M. smegmatis in Examples 1 to 13 were as
follows: a forward primer / 5’-ACATGCAAGTCGAACGGAAA-3’) (SEQ ID NO: 1); and a reverse primer / (5’-CCCAC-
CAACAAGCTGATAGG-3’) (SEQ ID NO: 2). The real-time PCR reagent used herein was polymerase TAKARA Taq HS
manufactured by Takara Bio Inc. Real-time PCR was performed with the addition of SYBR Green I (Lonza) diluted at a
final concentration of 1/20000. The reaction was incubated using a Light Cycler 96 System (Roche) at 98°C/1 minute,
followed by 40 PCR cycles of 98°C/10 seconds → 60°C/10 seconds → 72°C/10 seconds. The nucleic acid amplification
reaction was monitored.

[Example 14]

[0142] The operations described below were carried out using a treatment reagent-accommodating container 100, a
nucleic acid-collecting member 200, a discharged matter-accommodating container 400, a washing liquid-accommo-
dating container 440, a connecting member 450, an eluent-accommodating container 460, and a nucleic acid-collecting
container 470 as illustrated in the figures. The nucleic acid-collecting member 200 is prepared by combining a specimen-
receiving member 240 and a carrier-holding member 250 as illustrated in Fig. 2. The carrier-holding member 250 com-
prises a circular membrane-like carrier formed with silica monolith having nucleic acid adsorption ability (membrane
thickness: 1.5 mm; aperture: 4 mm; through-pore diameter: 30 to 40 mm (measurement method: the mean value calculated
based on a scanning electron microscope image)) serving as a carrier 205. Note that a deformable bag-shaped container
that allows a pressure-feeding unit 461 to be squeezed, thereby reducing the volume of a pressure-feeding unit inner
space 111 and the volume of an inner container space 110, which differs from the embodiment illustrated in Fig. 4-5,
was used as the eluent-accommodating container 460.
[0143] As illustrated in Fig. 4-1, the nucleic acid-collecting member 200 was connected to the discharged matter-
accommodating container 400, and then, 3 mL of a culture solution of M. bovis (BCG strain) known as a tuberculosis
bacterium (1.0 3 104 CFU/mL) was introduced as a specimen S into an accommodation space 203 of the nucleic acid-
collecting member 200. Next, as illustrated in Fig. 4-2, a treatment reagent-accommodating container 100, in which 5
mL of an aqueous solution containing 5% by weight sodium hydroxide and 60% by weight ethanol was enclosed as a
treatment reagent 101, was connected to the nucleic acid-collecting member 200. Subsequently, the specimen S and
the treatment reagent 101 were mixed in a mixing space 420 by shaking the device as a whole 10 times in a vertical
direction, thereby obtaining a mixture 421. Then, the mixture was allowed to stand still at room temperature for 5 minutes.
[0144] As illustrated in Fig. 4-3, a pressure-feeding unit 103 having an accordion structure of the treatment reagent-
accommodating container 100 was squeezed, thereby allowing the mixture 421 to pass through the carrier 205. The
unwashed carrier 205 adsorbing a nucleic acid was designated as carrier 205’. The treatment reagent-accommodating
container 100 and the specimen-receiving member 240 of the nucleic acid-collecting member 200 were removed at the
same time. Then, as illustrated in Fig. 4-4, the washing liquid-accommodating container 440, in which 15 mL of a 40%
by weight ethanol aqueous solution was enclosed as a washing liquid 443, was connected to the carrier-holding member
250 via the connecting member 450. Subsequently, a pressure-feeding unit 441 having an accordion structure of the
washing liquid-accommodating container 440 was squeezed, thereby allowing the washing liquid 443 to pass through
the carrier 205’. Then, after the pressure-feeding unit 441 returned to the original shape, the pressure-feeding unit 441
was squeezed again, thereby allowing the air inside the washing liquid-accommodating container 440 to pass through
the carrier 205’. The washed carrier 205 adsorbing a nucleic acid was designated as carrier 205". The washing liquid-
accommodating container 440 was removed. As illustrated in Fig. 4-5, the eluent-accommodating container 460, in
which water was enclosed as an eluent 463, was connected to the carrier-holding member 250 via the connecting
member 450. In addition, the discharged matter-accommodating container 400 was removed and the nucleic acid-
collecting container 470 was connected to the carrier-holding member 250. The above-described bag-shaped container
constituting a pressure-feeding unit 461 of the eluent-accommodating container 460 was squeezed, thereby allowing
an eluent 463 to pass through the carrier 205" and recovering the eluent into a nucleic acid-collecting container 470.
The eluent 463 that had permeated through the carrier 205" was collected in an amount of 10 mL and amplified by real-
time PCR, followed by detection. Thus, extraction of the nucleic acid of M. Bovis was confirmed. The time required for
nucleic acid extraction and purification excluding the time required for PCR was approximately 7 minutes.
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[Example 15]

[0145] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. bovis (BCG strain) in the same manner as in Example 14, except that a culture solution of M. bovis
(1.0 3 102 CFU/mL) was used as a specimen S. The time required for nucleic acid extraction and purification excluding
the time required for PCR was approximately 7 minutes.

[Example 16]

[0146] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. bovis (BCG strain) in the same manner as in Example 14, except that a culture solution of M. bovis
(5.0 3 101 CFU/mL) was used as a specimen S. The time required for nucleic acid extraction and purification excluding
the time required for PCR was approximately 7 minutes.

[Example 17]

[0147] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. bovis (BCG strain) in the same manner as in Example 14 except that a culture solution of M. bovis
(2.5 3 101 CFU/mL) was used as a specimen S. The time required for nucleic acid extraction and purification excluding
the time required for PCR was approximately 7 minutes.

[Example 18]

[0148] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. bovis (BCG strain) in the same manner as in Example 14 except that a viscous solution prepared by
adding porcine-derived mucin to a culture solution of M. bovis (5.0 3 101 CFU/mL) so as to result in a concentration of
20% by weight was used as a specimen S, and the treatment reagent-accommodating container 100, in which 5 mL of
an aqueous solution containing 5% by weight sodium hydroxide, 5% by weight N-acetyl-L-cysteine, and 60% by weight
ethanol was enclosed as the treatment reagent 101, was used. The time required for nucleic acid extraction and purification
excluding the time required for PCR was approximately 7 minutes.

[Example 19]

[0149] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of Escherichia coli (E. Coli) in the same manner as in Example 14 except that a culture solution of E. coli
(1.0 3 102 CFU/mL) was used as a specimen S. The time required for nucleic acid extraction and purification excluding
the time required for PCR was approximately 7 minutes.

[Example 20]

[0150] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of Streptococcus thermophilus (S. thermophilus), in the same manner as in Example 14 except that a culture
solution of S. thermophilus (1.0 3 102 CFU/mL) was used as a specimen S. The time required for nucleic acid extraction
and purification excluding the time required for PCR was approximately 7 minutes.

[Example 21]

(Test of disinfecting ability)

[0151] In this Example, a treatment reagent used in a nucleic acid separation device was evaluated in terms of ability
to disinfect M. smegmatis and M. bovis BCG (BCG).

<Preparation of bacterial suspension>

[0152] M. smegmatis was cultured using a liquid medium for proliferating acid-fast bacteria (manufactured by Kyokuto
Pharmaceutical Industrial Co., Ltd.) at 37°C for 2 weeks. The culture solution was filtered through an Acrodisk filter
(manufactured by Pall Corporation) having a pore size of 5 mm, thereby removing unnecessary mass. The filtrate was
subjected to measurement at an absorbance of 530 nm, and the filtrate was confirmed to have an O.D. of 0.1. The filtrate
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was used as a bacterial suspension containing 107 cells/ml for evaluation of disinfecting ability described below.
[0153] In addition, a solution was prepared by mixing the above-described bacterial suspension and a porcine stomach-
derived mucin powder (manufactured by Sigma-Aldrich) so as to result in a mucin concentration of 20% by weight.
The resulting solution was used as artificial sputum of M. smegmatis having sputum-like fluidity for evaluation of disin-
fecting ability described below.
[0154] BCG was also cultured in a liquid medium similar to that used for M. smegmatis for 3 weeks. A BCG suspension
and artificial sputum of BCG for evaluation of disinfecting ability were prepared in the same manner as in the above
case of the bacterial suspension and artificial sputum of M. smegmatis.

<Preparation of treatment reagent>

[0155] A composition obtained by mixing two components i.e., ethanol (EtOH) and sodium hydroxide (NaOH), a
composition obtained by mixing three components, i.e., these two components and N-acetyl-L-cysteine (NALC), and a
composition obtained by mixing these three components and glutaraldehyde were prepared as treatment reagents used
for the evaluation. In addition, a phenol solution was used as a positive control (PC), and physiological saline was used
as a negative control (NC). Table 1 lists the compositions of the treatment reagents used for the evaluation. In table 1,
each composition is in the form of an aqueous solution, and the proportion of each component of the composition is
expressed in % by weight.

<Evaluation of disinfecting ability>

[0156] The disinfecting ability of each treatment reagent was evaluated using the four types of preparations, i.e., the
M. smegmatis suspension, the BCG suspension, the artificial sputum containing M. smegmatis, and the artificial sputum
containing BCG described above.
[0157] Each of the suspensions of M. smegmatis and BCG (500 mL) was mixed with 250 to 1500 mL of each of the
treatment reagents listed in Table 1, followed by inversion mixing. Each mixture was allowed to stand still at room
temperature for 5 minutes. Thereafter, in order to remove the treatment reagent, each mixture was centrifuged (5600
rpm, 4°C, 20 minutes), and the supernatant was removed and replaced by physiological saline. In the culture described
below, centrifugation and replacement by physiological saline were repeated three times in order to avoid the influence
of bacteriostasis of the treatment reagent.
[0158] After the above procedure was repeated three times, physiological saline was used for preparing a dilution
series (up to 105-fold dilution). Each dilution was seeded on a 7H11C agar medium (manufactured by Kyokuto Phar-
maceutical Industrial Co., Ltd.), followed by culture at 37°C. The viable cell count (microbial colony count) was determined.
Based on the obtained viable cell count, the disinfection rate was calculated as an index for disinfection efficacy. The
disinfection rate was calculated by the following formula. 

[0159] Artificial sputum of M. smegmatis and artificial sputum of BCG were also evaluated in terms of disinfection
efficacy in the same manner as in the case of the above evaluation of bacterial suspensions. Accordingly, the disinfection
rates were calculated.
[0160] Table 2 list the evaluation results. If the calculated disinfection rate reached 99.99999%, the corresponding
reagent was regarded as having an effective chemical composition of a treatment reagent used for a nucleic acid

[Table 1]

Treatment reagent composition

Composition 1 60% EtOH + 5% NaOH

Composition 2 60% EtOH + 5% NaOH + 5% NALC

Composition 3 60% EtOH + 5% NaOH + 5% NALC + 3.5% Glutaraldehyde

Composition 4 5% Phenol (positive control)

Composition 5 Physiological saline (negative control)
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separation device. In the table below, symbol "O" may be expressed as "A" and symbol "3" may be expressed as "B."

[0161] *In the table, symbol "O" indicates that the disinfection rate reached 99.99999%, symbol "3" indicates that the
disinfection rate did not reach 99.99999%, and symbol "-" indicates that the corresponding reagent was not tested.
[0162] It was confirmed that 99.99999% of M. smegmatis and BCG contained in a bacterial suspension or artificial
sputum can be disinfected with the use of the treatment reagents used in the evaluation above.

[Example 22]

[0163] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. bovis, in the same manner as in Example 1 except that a solution prepared by adding 3 mL of a culture
solution of M. bovis (1.0 3 107 CFU/mL) to 3 mL of murine blood and sufficiently mixing the resulting solution was used
as a specimen S. The time required for nucleic acid extraction and purification excluding the time required for PCR was
approximately 7 minutes.

[Example 23]

[0164] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. bovis, in the same manner as in Example 1 except that a solution prepared by adding 3 mL of a culture
solution of M. bovis (1.0 3 107 CFU/mL) to 3 cc of ground murine muscle tissue and sufficiently mixing the resulting
solution was used as a specimen S. The time required for nucleic acid extraction and purification excluding the time
required for PCR was approximately 7 minutes.

[Example 24]

[0165] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. bovis, in the same manner as in Example 1 except that a solution prepared by adding 3 mL of a culture
solution of M. bovis (0.5 3 105 CFU/mL) to 3 mL of a culture solution of E. coli (1.0 3 107 CFU/mL) and sufficiently
mixing the resulting solution was used as a specimen S. The time required for nucleic acid extraction and purification
excluding the time required for PCR was approximately 7 minutes.

[Example 25]

[0166] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of the tuberculosis complex in the same manner as in Example 14 except that sputum (smear test: 2+;

[Table 2]

Treatment 
reagent

Amount of 
treatment 

reagent used

Suspension 
of M. 

smegmatis

Artificial sputum + 
Suspension of M. 

smegmatis

Suspension 
of BCG 
strain

Artificial sputum + 
Suspension of BCG 

strain

Composition 
1

500 mL s - s -

Composition 
2

250 mL s s s 3

Composition 
2

1000 mL - - - s

Composition 
2

1500 mL - - - s

Composition 
3

500 mL s s s s

Composition 
4

500 mL s s s s

Composition 
5

500 mL 3 3 3 3
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culture test: positive) was used as a specimen S, and the treatment reagent-accommodating container 100, in which 5
mL of an aqueous solution comprising 5% by weight sodium hydroxide, 5% by weight N-acetyl-L-cysteine, and 60% by
weight ethanol was enclosed as the treatment reagent 101, was used. The time required for nucleic acid extraction and
purification excluding the time required for PCR was approximately 7 minutes.
[0167] The term "smear test" used herein refers to a method for confirming the presence or absence of acid-fast
bacteria by pretreatment, dyeing, and microscopic examination of sputum according to the smear test method described
in "Tubercle Bacillus 2007" (published by Japan Anti Tuberculosis Association). Collected sputum was mixed with two
times its volume of an NALC-NaOH reagent (BD MycoPrep, manufactured by Nippon Becton Dickinson and Company,
Ltd.) and stirred by a vortex mixer. A 0.07 M sterile phosphate buffer solution was added such that the total volume was
adjusted to 50 mL, followed by centrifugation at 3000 g for 20 minutes. The supernatant was discarded and the precipitate
was suspended in 1 mL of sterile phosphate buffer solution. The suspension in a volume of 0.05 mL was smeared on
a microscope slide and air-dried. Then, the slide was passed through gas burner flame four times for fixation. The fixed
smear sample was dyed in accordance with the Ziehl-Neelsen (Z-N) method and observed using an optical microscope
with 1000-fold magnification. The microbial colony count in the observed visual field was recorded in accordance with
the method for recording the detected microbial colony count by microscopic examination described in "Tubercle Bacillus
2007" (published by Japan Anti Tuberculosis Association).
[0168] The term "culture test" used herein refers to a method for confirming the occurrence or non-occurrence of
proliferation of acid-fast bacteria by pretreatment, harvest, inoculation, and culture of sputum according to the isolation
culture method described in "Tubercle Bacillus 2007" (published by Japan Anti Tuberculosis Association). An agar plate
medium (Middlebrook 7H10 Agar medium) was inoculated and smeared with 0.1 mL of the suspension obtained by the
same method used for the above smear test, followed by culture at 37°C. The medium was observed twice a week for
8 weeks for recording the presence or absence of colonies on the medium surface.

[Example 26]

[0169] The nucleic acid was extracted, purified, amplified by real-time PCR, and detected, thereby confirming extraction
of the tuberculosis complex in the same manner as in Example 14 except that sputum (smear test: 1+, culture test:
positive) was used as a specimen S, and the treatment reagent-accommodating solution 100, in which 5 mL of an
aqueous solution containing 5% by weight sodium hydroxide, 5% by weight N-acetyl-L-cysteine, and 60% by weight
ethanol was enclosed as the treatment reagent 101, was used. The time required for nucleic acid extraction and purification
excluding the time required for PCR was approximately 7 minutes.

[Example 27]

[0170] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of the tuberculosis complex in the same manner as in Example 14 except that sputum (smear test: 6; culture
test: positive) was used as a specimen S, and the treatment reagent-accommodating container 100, in which 5 mL of
an aqueous solution containing 5% by weight sodium hydroxide, 5% by weight N-acetyl-L-cysteine, and 60% by weight
ethanol was enclosed as the treatment reagent 101, was used. The time required for nucleic acid extraction and purification
excluding the time required for PCR was approximately 7 minutes.

[Example 28]

[0171] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of the tuberculosis complex in the same manner as in Example 14 except that sputum (smear test: -; culture
test: positive) was used as a specimen S, and the treatment reagent-accommodating container 100, in which 5 mL of
an aqueous solution containing 5% by weight sodium hydroxide, 5% by weight N-acetyl-L-cysteine, and 60% by weight
ethanol was enclosed as the treatment reagent 101, was used. The time required for nucleic acid extraction and purification
excluding the time required for PCR was approximately 7 minutes.

[Example 29]

[0172] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of the tuberculosis complex in the same manner as in Example 14 except that a 10-fold dilution of sputum
(smear test: -; culture test: positive) was used as a specimen S, and the treatment reagent-accommodating container
100, in which 5 mL of an aqueous solution containing 5% by weight sodium hydroxide, 5% by weight N-acetyl-L-cysteine,
and 60% by weight ethanol was enclosed as the treatment reagent 101, was used. The time required for nucleic acid
extraction and purification excluding the time required for PCR was approximately 7 minutes.
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[Example 30]

[0173] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of the tuberculosis complex in the same manner as in Example 14 except that a 100-fold dilution of sputum
(smear test: -; culture test: positive) was used as a specimen S, and the treatment reagent-accommodating container
100, in which 5 mL of an aqueous solution containing 5% by weight sodium hydroxide, 5% by weight N-acetyl-L-cysteine,
and 60% by weight ethanol was enclosed as the treatment reagent 101, was used. The time required for nucleic acid
extraction and purification excluding the time required for PCR was approximately 7 minutes.

[Example 31]

[0174] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of the tuberculosis complex in the same manner as in Example 14 except that a 1000-fold dilution of sputum
(smear test: -; culture test: positive) was used as a specimen S, and the treatment reagent-accommodating container
100, in which 5 mL of an aqueous solution containing 5% by weight sodium hydroxide, 5% by weight N-acetyl-L-cysteine,
and 60% by weight ethanol was enclosed as the treatment reagent 101, was used. The time required for nucleic acid
extraction and purification excluding the time required for PCR was approximately 7 minutes.

[Comparative Example 1]

[0175] Nucleic acid extraction was performed using, as a specimen, a culture solution of a tuberculosis bacterium,
i.e., M. Bovis (BCG strain) (1.0 3 104 CFU/mL) and a Loopamp (registered trademark) PURE DNA Extraction Kit
marketed by Eiken Chemical Co., Ltd. in accordance with the instruction manual for the kit. The culture solution in a
volume of 60 mL was added to a specimen treatment tube and heated at 90°C for 5 minutes and left at room temperature
for 2 minutes. An adsorbent tube was connected to the specimen treatment tube, followed by mixing by shaking in
vertical and horizontal directions. An instillation injection cap was connected thereto. The adsorbent tube was squeezed
to collect a nucleic acid extraction liquid. The collected nucleic acid extraction liquid was sampled in an amount of 10mL
and amplified by real-time PCR, and detected, thereby confirming extraction of the nucleic acid of M. Bovis. The time
required for nucleic acid extraction and purification excluding the time required for PCR was approximately 9 minutes.

[Comparative Example 2]

[0176] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. bovis in the same manner as in Comparative Example 1 except that a culture solution of M. bovis
(BCG strain) (1.0 3 102 CFU/mL) was used as a specimen. The time required for nucleic acid extraction and purification
excluding the time required for PCR was approximately 9 minutes.

[Comparative Example 3]

[0177] The nucleic acid was purified, amplified by real-time PCR, and detected, thereby confirming extraction of the
nucleic acid of M. bovis in the same manner as in Comparative Example 1 except that a culture solution of M. bovis
(BCG strain) (5.0 3 101 CFU/mL) was used as a specimen. The time required for nucleic acid extraction and purification
excluding the time required for PCR was approximately 9 minutes.

[Comparative Example 4]

[0178] The nucleic acid was purified, amplified by real-time PCR, and detected in the same manner as in Comparative
Example 1 except that a culture solution of M. bovis (BCG strain) (2.5 3 101 CFU/mL) was used as a specimen.
Accordingly, nucleic acid amplification was not detected by real-time PCR.

[Comparative Example 5]

[0179] The nucleic acid was purified, amplified by real-time PCR, and detected in the same manner as in Comparative
Example 1 except that a viscous solution prepared by adding porcine-derived mucin to a culture solution of M. bovis
(BCG strain) (1.0 3 103 CFU/mL) so as to result in a concentration of 20% by weight was used as a specimen. Accordingly,
nucleic acid amplification was not detected by real-time PCR.
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[Comparative Example 6]

[0180] The nucleic acid was purified, amplified by real-time PCR, and detected in the same manner as in Comparative
Example 1 except that a viscous solution prepared by adding porcine-derived mucin to a culture solution of M. bovis
(BCG strain) (1.0 3 102 CFU/mL) so as to result in a concentration of 20% by weight was used as a specimen. Accordingly,
nucleic acid amplification was not detected by real-time PCR.

[Comparative Example 7]

[0181] Sputum (smear test: -, culture test: positive) identical to the sputum used in Example 28 was digested and
decontaminated by the NALC-NaOH method described in "Tubercle Bacillus 2007" (published by Japan Anti Tuberculosis
Association). Subsequently, nucleic acid extraction was performed using an AMPLICOR mycobacterium specimen
pretreatment reagent set II (manufactured by Roche Diagnostics K.K.) in accordance with the protocol described in the
package insert. The obtained nucleic acid extract was amplified by real-time PCR and detected, thereby confirming
nucleic acid extraction of the tuberculosis complex.

[Comparative Example 8]

[0182] A 100-fold dilution of sputum (smear test: -, culture test: positive) identical to the sputum used in Example 30
was digested and decontaminated by the NALC-NaOH method described in "Tubercle Bacillus 2007" (published by
Japan Anti Tuberculosis Association). Subsequently, nucleic acid extraction was performed using an AMPLICOR my-
cobacterium specimen pretreatment reagent set II (manufactured by Roche Diagnostics K.K.) in accordance with the
protocol described in the package insert. The obtained nucleic acid extract was subjected to real-time PCR. Accordingly,
nucleic acid amplification was not detected.

[Comparative Example 9]

[0183] A 1000-fold dilution of sputum (smear test: -, culture test: positive) identical to the sputum used in Example 31
was digested and decontaminated by the NALC-NaOH method described in "Tubercle Bacillus 2007" (published by
Japan Anti Tuberculosis Association). Subsequently, nucleic acid extraction was performed using an AMPLICOR my-
cobacterium specimen pretreatment reagent set II (manufactured by Roche Diagnostics K.K.) in accordance with the
protocol described in the package insert. The obtained nucleic acid extract was subjected to real-time PCR. Accordingly,
nucleic acid amplification was not detected.

[Comparative Example 10]

[0184] The nucleic acid was purified, amplified by real-time PCR, and detected in the same manner as in Comparative
Example 1 except that sputum (smear test: -, culture test: positive) identical to the sputum used in Example 28 was used
as a specimen. Accordingly, nucleic acid amplification was not detected by real-time PCR.
[0185] The real-time PCR primers used for M. bovis in Examples 14 to 18, and 22 to 24 and Comparative Examples
1 to 6 were as follows: a forward primer / 5’-ACCTCACCTATGTGTCGACC-3’) (SEQ ID NO: 3); a reverse primer / (5’-
AACGTCTTTCAGGTCGAGTACG-3’) (SEQ ID NO: 4). The real-time PCR reagent used herein was polymerase TAKARA
Taq HS manufactured by Takara Bio Inc. Real-time PCR was performed with the addition of SYBR Green I (Lonza)
diluted at a final concentration of 1/20000. The reaction was incubated using a Light Cycler 96 System (Roche) at 98°C/1
minute, followed by 50 PCR cycles of 98°C/10 seconds → 60°C/10 seconds → 72°C/10 seconds. The nucleic acid
amplification reaction was monitored.
[0186] The real-time PCR primers used for E. coli in Example 19 were as follows: a forward primer / 5’-GGAAGAAGCTT-
GCTTCTTTGCTGAC-3’) (SEQ ID NO: 5); a reverse primer / (5’-AGCCCGGGGATTTCACATCTGACTTA-3’) (SEQ ID
NO: 6). The real-time PCR reagent used herein was polymerase TAKARA Taq HS manufactured by Takara Bio Inc.
Real-time PCR was performed with the addition of SYBR Green I (Lonza) diluted at a final concentration of 1/20000.
The reaction was incubated using a Light Cycler 96 System (Roche) at 98°C/1 minute, followed by 40 PCR cycles of
98°C/10 seconds → 60°C/10 seconds → 72°C/10 seconds. The nucleic acid amplification reaction was monitored.
[0187] The real-time PCR primers used for detecting the nucleic acid of S. thermophilus in Example 20 were as follows:
a forward primer / 5’-GCTCCACTACAAGATGGACCTGC-3’) (SEQ ID NO: 7); a reverse primer / (5’-TAGGAGTCT-
GGGCCGTGTCTCAG-3’) (SEQ ID NO: 8). The real-time PCR reagent used herein was polymerase TAKARA Taq HS
manufactured by Takara Bio Inc. Real-time PCR was performed with the addition of SYBR Green I (Lonza) diluted at a
final concentration of 1/20000. The reaction was incubated using a LightCycler96 System (Roche) at 98°C/1 minute,
followed by 40 PCR cycles of 98°C/10 seconds → 60°C/10 seconds → 72°C/10 seconds. The nucleic acid amplification
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reaction was monitored.
[0188] The real-time PCR primers used for the tuberculosis complex in Examples 25 to 31 and Comparative Examples
7 to 10 were as follows: a forward primer 15’-ACCTCACCTATGTGTCGACC-3’) (SEQ ID NO: 3); a reverse primer / (5’-
AACGTCTTTCAGGTCGAGTACG-3’) (SEQ ID NO: 4). The real-time PCR reagent used herein was polymerase TAKARA
Taq HS manufactured by Takara Bio Inc. Real-time PCR was performed with the addition of SYBR Green I (Lonza)
diluted at a final concentration of 1/20000. The reaction was incubated using a Light Cycler 96 System (Roche) at 98°C/1
minute, followed by 50 PCR cycles of 98°C/10 seconds → 60°C/10 seconds → 72°C/10 seconds. The nucleic acid
amplification reaction was monitored.

Reference Signs List

[0189] S: specimen, 100: treatment reagent-accommodating container, 101: treatment reagent, 102: discharge open-
ing, 10: pressure-feeding unit, 104: cover, 110: inner container space, 200: nucleic acid-collecting member, 203: ac-
commodation space, 204: treatment reagent-supplying opening, 205: carrier that adsorbs a nucleic acid, 206: mixture-
discharging opening, 420: mixing space, 421: mixture
[0190] All publications, patents, and patent applications cited herein are incorporated herein by reference in their
entirety.
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Claims

1. A method for separating a nucleic acid from a specimen containing a nucleic acid by bringing a mixture of a specimen
containing a nucleic acid and a treatment reagent for causing a nucleic acid in a specimen to be released into contact
with a carrier that adsorbs a nucleic acid,
wherein a device is used, the device comprising: a treatment reagent-accommodating container configured to have
an inner container space, the volume of which can be reduced, the container accommodating a treatment reagent
for causing a nucleic acid in a specimen to be released in the inner container space and having a discharging
opening for releasing the treatment reagent;
a nucleic acid-collecting member configured to have an accommodation space for accommodating a specimen, in
which a treatment reagent-supplying opening is formed on one side of the accommodation space so as to be
connected to the treatment reagent-accommodating container, thereby allowing the treatment reagent to be supplied,
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and a mixture-discharging opening is formed on the other side of the accommodation space so as to discharge the
mixture via a carrier that adsorbs a nucleic acid released in the mixture while allowing the mixture to permeate
therethrough; and
the treatment reagent-accommodating container further comprising a cover for sealing the discharging opening
attached to the discharging opening; and
the device being configured such that the nucleic acid-collecting member allows the discharging opening sealed
with the cover to be opened, thereby causing the discharging opening to be communicated with the treatment
reagent-supplying opening, when the treatment reagent-accommodating container is connected to the treatment
reagent-supplying opening of the nucleic acid-collecting member, and
wherein the method comprises:

step 1 of accommodating a specimen in the accommodation space of the nucleic acid-collecting member;
step 2 of connecting the treatment reagent-accommodating container to the treatment reagent-supplying opening
of the nucleic acid-collecting member, thereby causing the discharging opening to be communicated with the
treatment reagent-supplying opening, following step 1;
step 3 of mixing the specimen and the treatment reagent to obtain the mixture in a mixing space formed by
combining the inner container space of the treatment reagent-accommodating container and the accommodation
space of the nucleic acid-collecting member in step 2 and allowing a nucleic acid contained in the specimen to
be released in the mixture; and
step 4 of pressure-feeding the mixture containing the nucleic acid released in step 3 by reducing a volume of
the inner container space of the treatment reagent-accommodating container and discharging the mixture from
the mixture-discharging opening of the nucleic acid-collecting member via the carrier.

2. The method according to claim 1, wherein the treatment reagent-accommodating container comprises a discharge
opening periphery portion surrounding a circumference border of the discharging opening,
wherein the nucleic acid-collecting member comprises a peripheral wall portion surrounding the accommodation
space, a part of the peripheral wall portion is a treatment reagent-supplying opening periphery portion surrounding
a peripheral border of the treatment reagent-supplying opening,
wherein the treatment reagent-accommodating container and the nucleic acid-collecting member are configured to
be connected to each other in a state in which an internal circumference surface of the discharging opening periphery
portion and an external peripheral surface of the treatment reagent-supplying opening periphery portion are in
contact with each other, and
wherein one end portion of the treatment reagent-supplying opening periphery portion of the nucleic acid-collecting
member, which is positioned on the side of the treatment reagent-supplying opening, is configured such that when
the treatment reagent-accommodating container and the nucleic acid-collecting member are connected to each
other, the end portion breaks the cover of the treatment reagent-accommodating container.

3. The method according to claim 2, wherein the nucleic acid-collecting member further comprises a flange portion
that extends outwardly from the external circumference surface of the circumference wall portion and a mixture
leakage-preventing wall portion that stands on the circumference border of the flange portion toward a side of the
the circumference wall portion where the treatment reagent-supplying opening is formed,
wherein at least one compressible and deformable ring-shaped protrusion that extends in a circumferential direction
so as to surround the whole circumference and protrudes in a radial direction is formed on either one or both of the
external circumference surface of the discharging opening periphery portion and the internal circumference surface
of the mixture leakage-preventing wall portion, and
wherein the treatment reagent-accommodating container and the nucleic acid-collecting member are formed such
that when the treatment reagent-accommodating container and the nucleic acid-collecting member are connected
to each other, the external circumference surface of the discharging opening periphery portion and the internal
circumference surface of the mixture leakage-preventing wall portion face each other, thereby causing the ring-
shaped protrusion flanked between the external circumference surface of the discharging opening periphery portion
and the internal circumference surface of the mixture leakage-preventing wall portion to be compressed and de-
formed, which prevents the passage of the mixture present between the external circumference surface of the
discharging opening periphery portion and the internal circumference surface of the mixture leakage-preventing wall
portion and/or the passage of the mixture present between the external circumference surface of the treatment
reagent-supplying opening periphery portion and the internal circumference surface of the discharging opening
periphery portion.

4. The method according to any one of claims 1 to 3, which further comprises step 5 of washing the carrier using a
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washing liquid, thereby removing unnecessary components other than a nucleic acid from the carrier, following step 4.

5. The method according to claim 4, which further comprises step 6 of bringing an eluent for eluting a nucleic acid into
contact with the carrier, thereby eluting the nucleic acid from the carrier, following step 5.

6. The method according to any one of claims 1 to 5, wherein the treatment reagent contains a component for reducing
infectivity of a microorganism and a component for causing a nucleic acid to be released.

7. A device for separating a nucleic acid from a specimen containing a nucleic acid by bringing a mixture of a specimen
containing a nucleic acid and a treatment reagent for causing a nucleic acid in a specimen to be released into contact
with a carrier that adsorbs a nucleic acid, which comprises:

a treatment reagent-accommodating container configured to have an inner container space, the volume of which
can be reduced, the container accommodating a treatment reagent for causing a nucleic acid in a specimen to
be released in the inner container space and having a discharging opening for releasing the treatment reagent;
and
a nucleic acid-collecting member configured to have an accommodation space for accommodating a specimen,
in which a treatment reagent-supplying opening is formed on one side of the accommodation space so as to
be connected to the treatment reagent-accommodating container, thereby allowing the treatment reagent to be
supplied, and a mixture-discharging opening is formed on the other side of the accommodation space so as to
discharge the mixture via a carrier that adsorbs a nucleic acid released in the mixture while allowing the mixture
to permeate therethrough, wherein
the treatment reagent-accommodating container further comprising a cover for sealing the discharging opening
attached to the discharging opening, and wherein
the device is configured such that the nucleic acid-collecting member allows the discharging opening sealed
with the cover to be opened, thereby causing the discharging opening to be communicated with the treatment
reagent-supplying opening, when the treatment reagent-accommodating container is connected to the treatment
reagent-supplying opening of the nucleic acid-collecting member.

8. The device according to claim 7, wherein the treatment reagent-accommodating container comprises a discharge
opening periphery portion surrounding a peripheral border of the discharging opening,
wherein the nucleic acid-collecting member comprises a peripheral wall portion surrounding the accommodation
space, a part of the peripheral wall portion is a treatment reagent-supplying opening periphery portion surrounding
a peripheral border of the treatment reagent-supplying opening,
wherein the treatment reagent-accommodating container and the nucleic acid-collecting member are configured to
be connected to each other in a state in which an internal circumference surface of the discharging opening periphery
portion and an external peripheral surface of the treatment reagent-supplying opening periphery portion are in
contact with each other, and
wherein one end portion of the treatment reagent-supplying opening periphery portion of the nucleic acid-collecting
member, which is positioned on the side of the treatment reagent-supplying opening, is configured such that when
the treatment reagent-accommodating container and the nucleic acid-collecting member are connected to each
other, the end portion breaks the cover of the treatment reagent-accommodating container.

9. The device according to claim 8, wherein the nucleic acid-collecting member further comprises a flange portion that
extends outwardly from the external circumference surface of the circumference wall portion and a mixture leakage-
preventing wall portion that stands on the circumference border of the flange portion toward a side of the circumference
wall portion where the treatment reagent-supplying opening is formed,
wherein at least one compressible and deformable ring-shaped protrusion that extends in a circumferential direction
so as to surround the whole circumference and protrudes in a radial direction is formed on either one or both of the
external circumference surface of the discharging opening periphery portion and the internal circumference surface
of the mixture leakage-preventing wall portion, and
wherein the treatment reagent-accommodating container and the nucleic acid-collecting member are formed such
that when the treatment reagent-accommodating container and the nucleic acid-collecting member are connected
to each other, the external circumference surface of the discharging opening periphery portion and the internal
circumference surface of the mixture leakage-preventing wall portion face each other, thereby causing the ring-
shaped protrusion flanked between the external circumference surface of the discharging opening periphery portion
and the internal circumference surface of the mixture leakage-preventing wall portion to be compressed and de-
formed, which prevents the passage of the mixture present between the external circumference surface of the
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discharging opening periphery portion and the internal circumference surface of the mixture leakage-preventing wall
portion and/or the passage of the mixture present between the external circumference surface of the treatment
reagent-supplying opening periphery portion and the internal circumference surface of the discharging opening
periphery portion.

10. The device according to any one of claims 7 to 9, which further comprises a washing liquid-accommodating container
accommodating a washing liquid for removing unnecessary components other than a nucleic acid from the carrier.

11. The device according to any one of claims 7 to 10, which further comprises an eluent-accommodating container
accommodating an eluent for eluting a nucleic acid from the carrier.

12. The device according to any one of claims 7 to 11, wherein the treatment reagent contains a component for reducing
infectivity of a microorganism and a component for causing a nucleic acid to be released.

13. A specimen treatment reagent for causing a nucleic acid in a specimen to be released, which comprises: a component
for reducing infectivity of a microorganism that is at least one selected from the group consisting of an organic
solvent, an aldehyde disinfectant, an iodine agent, a chlorine agent, peracetic acid, ozone, hydrogen peroxide,
merbromin, 6,9-diamino-2-ethoxyacridine lactate, a surfactant, and an alkaline substance; and
a component for causing a nucleic acid to be released that is at least one selected from the group consisting of an
alkaline substance and a surfactant.

14. The specimen treatment reagent according to claim 13, which further comprises a component for facilitating a carrier
to adsorb a nucleic acid that is at least one selected from the group consisting of a chaotropic agent and an organic
solvent.

15. The specimen treatment reagent according to claim 13 or 14, which further comprises a thiol reductant.

16. The specimen treatment reagent according to claim 15, which contains, as the component for reducing infectivity
of a microorganism, alcohol, and also contains, as the component for causing a nucleic acid to be released the
component, an alkaline substance.

17. The specimen treatment reagent according to claim 15, which contains, as the component for reducing infectivity
of a microorganism and the component for causing a nucleic acid to be released, an alkaline substance.

18. The specimen treatment reagent according to claim 17, which further contains, as the component for reducing
infectivity of a microorganism, alcohol.

19. The specimen treatment reagent according to any one of claims 15 to 18, for causing a nucleic acid in a specimen
to be released and allowing the released nucleic acid to be adsorbed by a carrier containing silica.

20. A method for separating a nucleic acid from a specimen containing a nucleic acid and a component crosslinked by
an S-S bond, which comprises allowing a nucleic acid separated from the specimen to be adsorbed by a carrier in
the presence of a mixture of the specimen treatment reagent according to any one of claims 15 to 18 and the specimen.

21. The method according to claim 20, wherein the carrier contains silica.



EP 3 348 634 A1

36



EP 3 348 634 A1

37



EP 3 348 634 A1

38



EP 3 348 634 A1

39



EP 3 348 634 A1

40



EP 3 348 634 A1

41



EP 3 348 634 A1

42



EP 3 348 634 A1

43



EP 3 348 634 A1

44



EP 3 348 634 A1

45



EP 3 348 634 A1

46

5

10

15

20

25

30

35

40

45

50

55



EP 3 348 634 A1

47

5

10

15

20

25

30

35

40

45

50

55



EP 3 348 634 A1

48

5

10

15

20

25

30

35

40

45

50

55



EP 3 348 634 A1

49

5

10

15

20

25

30

35

40

45

50

55



EP 3 348 634 A1

50

5

10

15

20

25

30

35

40

45

50

55



EP 3 348 634 A1

51

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2001078790 A [0009]
• JP 2014526255 A [0009]
• WO 2009060847 A [0009]
• JP 2009100688 A [0009]

• JP 2005168449 A [0009]
• US 20090306359 A [0009]
• JP 2015178442 A [0040]

Non-patent literature cited in the description

• Tubercle Bacillus. Japan Anti Tuberculosis Associa-
tion, 2007 [0167] [0168] [0181] [0182] [0183]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

